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Reply for More Information! 


a 


¢ Call 1-800-4HARRIS (1-800-442-7747) 
e Internet: http://Awww.semi.harris.com 


e AnswerFAX: 1-407-724-7800 
¢ Technical Assistance: E-mail centapp@harris.com 


First Name Last Name MI 
(PLEASE PRINT) (PLEASE PRINT) 

Title Company M/S 

Address 

City State Zip Country 

Phone Fax E-Mail 


LJ Add my name to your mailing list. 


1. Do you have access to CD-ROM capabilities? 5. Which best describes your current design stage (select one): 


LJ At Work LJ At Home LJ No (J Info Collection Initial Production 
2. Do you have access to the Internet? LJ Prototyping LI Breadboarding 
LJ At Work J At Home LJ No Design Concept (J Full Production 


3. What is your preferred source of product data sheets? (select one) 
J Data Books 
LJ AnswerFAX 


4. Would you prefer to have a CD-ROM Data Book, a printed Data 


LJ CD-ROM LJ Internet 
LJ Stand-Alone Data Sheets 


Book, or both? 


J CD-ROM Book 


LJ Printed Book LJ Both 


When will your design be finalized? 


Month Year 
7. Expected Annual Volume at full production (select one): 
1 to 999 5K to 100K 
(J 1K to 4999 J > 100K 


This location has as its primary function (select one) 


Manufacturing 


Design 


LJ Both 


Eatenes 


Which category best describes your primary end market? (Select One) 


1100 Video/Imaging 1305 - Avionics 1600 Transportation/Consumer 1800 Motor Control 
1101 - Desktop Multimedia 1399 - General Gov't/Military 1601 - Power Train 1801 - AC Motors 
1102 - Prof/Broadcast Video 1400 Telecom 1602 - Vehicle Control 1802 - 3 Phase Motors 
1103 - Medical Imaging 1401 - PBX or CO Line Cards 1603 - Safety & Convenience 1803 - Brushless 
1104 - Cable TV 1402 - Fiber-in-the-Loop 1604 - Driver Information 1804 - DC Motors 
1105 - Video Conferencing 1403 - Wireless Local Loop 1605 - Entertainment 1805 - Stepper Motors 
1199 - Other Video/Imaging 1404 - Fiber Optics 1606 - Electric Vehicles 1899 - Other Motor Control 
1200 Wireless Communication 1405 - ADSL/HDSL 1607 - Consumer 1900 Industrial Controls & 
1201 - Base Stations 1406 - Other High Speed Datacomm 1699 - Other Transportation Instrumentation 
1202 - Wireless LAN/PCS/PB 1499 - Other Telecom 1700 Power Supply/Power Mgmt 1901 - Manufacturing System 
1203 - Handset/Terminals 1500 Computers/Peripherals 1701 - UPS (Uninterruptible Power 1902 - High Speed Instrumentation 
1204 - Satellite Communication 1501 - Laptops/Palmtops Supplies) 1903 - Handheld Instruments 
1205 - Wireless Local Loop 1502 - Desktop PCs 1702 - AC-DC Power Supplies 1904 - Medical Electronics 
1299 - Other Wireless Comm. 1503 - Workstation/File Server 1703 - DC-DC Power Supplies 1905 - HVAC 
1300 Government/Military 1504 - Disk/Tape Drives 1704 - Transmission Lines 1906 - Automatic Test Equipment 
1301 - Space 1505 - Printers/Plotter/Scanner 1705 - Utility Substations (ATE) 
1302 - Guidance/Control 1506 - Datacomm 1706 - Panel Boxes —* ka iar & 
1303 - Radar 1599 - General Computer/EDP 1707 - General lineal 2000 Other Electronics, Not 
1304 - Communications 1799 - Other Power Supplies/Mgmt Listed Above 
Which best describes your job [J Purchasing [Ly Converter Which best describes your job 
function? (select one): [_} Quality Assurance [_} Digital responsibility (select one): 
[Lj Consultant Cy Sales Cy osP LJ icicles 
[_} Corporate/Operating Management QQ Systems Telecom LJ ee enna ane 
[LJ Documentation What is your primary product = [_} Rad Hard | a aeinaioieiial = 
[_] Education interest? (select one): [} Power Discrete [_J Engineer 
[_} Engineering [_} Analog [J Muttimedia [_} Assistant 
Manufacturing LJ Protection Devices Q a Lj Independent Contractor 
[} Marketing [_} Power Control 
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Electronic Technical Support 


a SEMICONDUCTOR Electronic services from Harris Semiconductor offer you the 
most current information possible. 


http://www.semi.harris.com 


e Latest Literature Revisions 
New Product Listing 
Product Information 
Design Support 

Contact Information 


(407) 724-7800 


e Latest Literature Revisions 
¢ New Product Listing 
e Data Book Request Form 


CENTRAL centapp @harris.com, or 1-800-4HARRIS See our 
Bo aPnicaTions ¢ Technical Application Assistance Specs In 
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TECHNICAL ASSISTANCE 


Harris Marketing Support Services (HMSS) 


HMSS provides world-class service to customers requiring information on all products offered by Harris 
Semiconductor. Ask Harris Marketing Support Services for answers concerning: 


¢ Product Identification ¢ Distributor Stocking Levels 
¢ Availability ¢ Requests for Literature and Samples 
¢ Competitive and Obsolete Cross-Reference 


HMSS services are available from 8:00am to 8:00pm EST. Within the United States, call 1-800-4HARRIS. 
Callers from outside the United States, dial (407) 727-9207. 


HMSS is the initial contact for customers who need technical assistance with the selection and use of 
our products. Callers have the option to be connected directly to the Central Applications Group. 
Central Applications 


Ask our experienced staff of engineers for assistance with: 


¢ Device Selection 
¢ Specification Interpretation 
e Applications for Any Harris Product 


Central Applications serves you Monday through Thursday 8:00am to 7:00pm and Friday 8:00am to 
5:00pm EST. Within the United States, call 1-800-4HARRIS. Callers from outside the United States dial 
(407) 727-9207. 


Central Applications’ knowledge of our portfolio can provide you with a total system design solution 
using the latest Harris devices! 

Electronic Technical Support 

Electronic services from Harris Semiconductor offer you the most current information possible. 


http://www.semi.harris.com 


www.semi. pole EL 


e Latest Literature Revisions 
¢ New Product Listing 

e Product Information 

e Design Support 

¢ Contact Information 


(407) 724-7800 


¢ Latest Literature Revisions 
e New Product Listing 
e Data Book Request Form 


See our 
CENTRAL centapp @harris.com, or 1-800-4HARRIS Specs in 


APPLICATIONS 
EMAIL 


¢ Technical Application Assistance 
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HARRIS LINEAR PRODUCTS 


Harris Semiconductor is a pioneer in developing and producing advanced Linear 
products for the most demanding Commercial, Industrial and Automotive applications 
worldwide. Harris offers an extensive line of Linear components including: High Speed 
and General Purpose Op Amps, Comparators, Sample/Hold Amps, Video Crosspoint 
Switches, Special Analog Circuits and Transistor Arrays. 


This data book fully describes Harris Semiconductor's Linear ICs. It includes a 
complete set of data sheets for product specifications, application notes with design 
details for specific applications of Harris products, and a description of the Harris 
Quality and Reliability program. Section 12, Harris’ On-Line Services, describes how 
our customers have access to the most recent technical updates. 


It is our intention to provide you with the most up-to-date information on Linear 
Products. For complete, current and detailed technical specifications on any Harris 
devices, please contact the nearest Harris sales, representative or distributor office, 
listed in Section 13; or direct literature requests to: 


Harris Semiconductor Data Services Department 
P.O. Box 883, MS 53-204 
Melbourne, FL 32902 
Phone: 1-800-442-7747 
Fax: 407-724-7240 


For a complete listing of all Harris Semiconductor products, please refer to the Product 
Selection Guide (PSG201; ordering information above). 


See Section 12 for Harris’ On-Line Services 


Harris Semiconductor products are sold by description only. Harris Semiconductor reserves 
the right to make changes in circuit design and/or specifications at any time without notice. 
Accordingly, the reader is cautioned to verify that data sheets are current before placing 
orders. Information furnished by Harris is believed to be accurate and reliable. However, no 
responsibility is assumed by Harris or its subsidiaries for its use; nor for any infringements of 
patents or other rights of third parties which may result from its use. No license is granted by 
implication or otherwise under any patent or patent rights of Harris or its subsidiaries. 
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LINEAR INTEGRATED CIRCUITS 
FOR COMMERCIAL AND INDUSTRIAL APPLICATIONS 


New Products Be 


Table of Contents and General Information ce 
*Operational Amplifiers cee 

*Comparators 4 

*Sample and Hold Amplifiers ee 

*Video Crosspoint Switches 6 

*Transistor and Diode Arrays, and Differential Amplifiers 
Special Analog Circuits Be 

Harris Quality and Reliability a 

Application Notes, Abstracts and Spice Model Listing hae 
Packaging Information ane 

Harris’ On-Line Services Ae 


Sales Offices 13 


*A Product Selection Guide is located at the beginning of the section. 
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New High Speed Linear Products 


VIDEO OP AMPS AND BUFFERS 


HFA1109 


LOW POWER, WIDEBAND, VIDEO OP AMP 


AnswerFAX DOCUMENT # 4019 


¢ Wide -3dB Bandwidth ..................... 550MHz 
* High SIOW Adie 2662s csessecncsedaws buews 1200V/us 
e Gain Flatness to 250MHz ................... +0.5dB 
* Fast Sewing 11Me COV). cs ees cc civ es cnwerace sn 17ns 
¢ Differential Gain/Phase .......... 0.02%/0.02 Degrees 
* LOW SUDO CANTON . cos c sewed skeciaweweesae's 10mA 


8 Lead PDIP and SOIC 


HFA1105 
LOW POWER VIDEO OP AMP 


AnswerFAX DOCUMENT # 3395 


¢ -3dB Bandwidth (Ay = +2) ...............0-. 330MHz 
© FU SUN AS is vk es avr wenn eee ewenenens 1000V/us 
e Gain Flatness to 75MHz....................0.. +0.1dB 
* Fast Seifling Tinie (0.1%)... .eascnencecsavennnes 15ns 
¢ Differential Gain/Phase .......... 0.02%/0.03 Degrees 
* LOW SUpGy CUE .ccces const enus ee ecensen ne 6mA 


8 Lead PDIP and SOIC 


| HFA1106 
VIDEO OP AMP WITH EXTERNAL COMPENSATION 


AnswerFAX DOCUMENT # 3922 


@ GG BAMIWIOUN 0+ ns eed ye das eiee eee ece nde 315MHz 
© Pn OW FIGS oa vost bose eee de wwseesess 700V/us 
¢ Differential Gain/Phase........... 0.02%/0.05 Degrees 
+ LOW SUPE CGI ns ciwoseveedene dae we a one 5.8mA 


¢ Compensation Pin for Bandwidth Limiting 
¢ 8 Lead PDIP and SOIC 


HFA1149 
LOW POWER, WIDEBAND OP AMP 


WITH OUTPUT DISABLE 


AnswerFAX DOCUMENT # 4019 


e¢ Wide -3dB Bandwidth ..................... 550MHz 
© FON Slew RAG .ccvcceseedisueew nev cones 1200V/us 
* Gain Flatness to 250MAZ 2.2.06 csccensencass +0.5dB 
¢ Differential Gain/Phase .......... 0.02%/0.02 Degrees 
« LOW Sil GUNS cp ccc crc sen overseen ouns 10mA 
e Fast Enable/Disable Times ................ 18ns/11ns 


¢ 8 Lead PDIP and SOIC 


HFA1145 
LOW POWER VIDEO OP AMP WITH DISABLE 


AnswerFAX DOCUMENT # 3955 


* «206 Bandwidtitv.s c.s<snscavosconeenns ewes 330MHz 
© TO GOW TRIS bcd obs kw 6 eee ceed eke ae eee 1000V/us 
¢ Differential Gain/Phase ........... 0.02%/0.03 Degrees 
e Gain Flatness to 75MHZz...................005. +0.1dB 
* Low Supply CANIM, ccc cs cn canes eens ovevandes 6mA 


¢ Output Enable/Disable (Tonx/Torr = 180ns/35ns) 
¢ 8 Lead PDIP and SOIC 


HFA1113 
PROG. GAIN VIDEO BUFFER WITH OUTPUT LIMITING 


AnswerFAX DOCUMENT # 1342 


* Wide -SdB BandGwidifN.. ...cnsssanavenesanvss 850MHz 
+ PI SieW MG ie kes esundccavesusanecass 2400V/us 
¢ Differential Gain/Phase .......... 0.02%/0.04 Degrees 


User Programmable Gain of +2, +1 
e User Programmable Output Limiting 
8 Lead PDIP and SOIC 


HFA1114 
CABLE DRIVING BUFFER WITH SUMMING NODE 


AnswerFAX DOCUMENT # 3151 


e Wide -3dB Bandwidth...................0.. 850MHz 
® Higt SIGW AGG oe cssveodkenseeedanonnsade 2400V/us 
¢ Differential Gain/Phase .......... 0.02%/0.04 Degrees 


User Programmable Gain (+2, +1) 


¢ Summing Node Pinout Enables Tailoring of System 
Response For Cable Length 


8 Lead PDIP and SOIC 


HA4600 
| 400MHz VIDEO BUFFER WITH OUTPUT DISABLE 


AnswerFAX DOCUMENT # 3990 


e Low Power Dissipation ..................... 105mW 
¢ Symmetrical Slew Rates.................. 1700V/us 
* OA0B Gait PIVIGSS cacscaccstawkahessawe ae 250MHz 
* Off Isolation (10O0MPIZ) «accccccesecvccsuantens 85dB 
¢ Differential Gain and Phase ....... 0.01%/0.01Degrees 
* AION BSD AGUNG «<.cccesacons acca nner awe was >2000V 


8 Lead PDIP and SOIC 
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New High Speed Linear Products 


HFA1135 


VIDEO OP AMP WITH OUTPUT LIMITING 


AnswerFAX DOCUMENT # 3653 


© «ZOD BANGWitihl ...s0ceenseeeeraeewseccaes 360MHz 
* PIG) SOW FGIS :cccescacetbetawedsansoess 1200V/us 
¢ Fast Settling Time (0.1%)... ....... cee eee eee 15ns 
¢ Differential Gain/Phase........... 0.02%/0.04 Degrees 
¢ Low Supply Current............. 0.0.00 eee .7MA 
e User Programmable Output Limiting 

e Fast Overdrive Recovery...............-0- eee <1ns 


¢ 8 Lead PDIP and SOIC 


HFA1115 
LOW POWER PROGRAMMABLE GAIN VIDEO BUFFER 


AnswerFAX DOCUMENT # 3606 

e -3dB Bandwidth................0 0c eee eee 225MHz 
* ION SI6W Rale . 26s ccene eeu vtewaeennn ds 1100V/us 
¢ Differential Gain/Phase........... 
¢ User Programmable Gain (+2, +1) 

e User Programmable Output Limiting 
+ Low Sopp CUNTON «cose ecee dared nwnenewaes 7mA 
¢ 8 Lead PDIP and SOIC 


HFA1205 
DUAL LOW POWER VIDEO OP AMP 


AnswerFAX DOCUMENT # 3605 


e -3dB Bandwidth (Ay =+2)............--...4. 400MHz 
* PION SIEW AAG ocd cncesvnrenneedaweaeess 1275V/us 
¢ Differential Gain/Phase........... 0.03%/0.03 Degrees 
e Low Supply Current.................. 6mA/Op Amp 
* Gain Flainess to 50MAZ ....2iscessscsevaes +0.03dB 


8 Lead PDIP and SOIC 


HFA1212 
DUAL PROGRAMMABLE GAIN VIDEO BUFFER 


AnswerFAX DOCUMENT # 3607 
e -3dB Bandwidth (Ay =+2)..............04.. 350MHz 
* PUOR SIGW GIS oon scccnewandieeeaseaanss 1100V/us 
¢ Differential Gain/Phase........... 
User Programmable Gain (+2, +1) 
LOW SUODIY GURL . ss aes sean eee wnens 
8 Lead PDIP and SOIC 


—s 


HFA1245 
DUAL LOW POWER VIDEO AMP WITH DISABLE 


AnswerFAX DOCUMENT # 3682 

-3dB Bandwidth (Ay = +2)...............04. 
FG OW AIS nbn oid seeds ceeeene ses 1050V/us 
Differential Gain/Phase .......... 0.02%/0.03 Degrees 
Gain Flainess to SOMHZ. ....0:0.sssease0ea08 +0.11dB 
LOW SUPDY CUE, «ccs scaaversevenas 6mA/Op Amp 
Output Enable/Disable (Ton/Torr = 160ns/20ns) 

14 Lead PDIP and SOIC 


HFA1405 | 
QUAD LOW POWER VIDEO OP AMP 


AnswerFAX DOCUMENT # 3604 
-3dB Bandwidth (Ay = +2)...............0-. 
High Slew Rate............. 0. cc eee eee 1700V/us 
Differential Gain/Phase .......... 0.02%/0.03 Degrees 
Gain Flatness to 50MHZ...................... +0.03dB 
Low Supply Current................... 6mA/Op Amp 
14 Lead SOIC and PDIP 


AnswerFAX DOCUMENT # 4152 
¢ -3dB Bandwidth (Ay = +2)..............005. 
© FG SOW PAG i cok cuean ep eeenkseey cok ee 
¢ Differential Gain/Phase .......... 
¢ User Programmable Gain (+2, +1) 
¢ Low Supply Current................... 6mA/Op Amp 
¢ 14Lead PDIP and SOIC 


350MHz 
1100V/us 
0.02%/0.02 Degrees 


AnswerFAX DOCUMENT # 3393/3654/3591 


> “pte BANOWIOIN. ocavdueceresaavee seen noes 125MHz 
o SiGW AAS senescent eeteoneps seresee tha ss 475V/us 
¢ Differential Gain/Phase .......... 0.03%/0.03 Degrees 
* Fgh Ea Pisin: «ccasccvenwes oven sewess 4000V 
* Low Supply Curent, .sccacnsesceaa ve 7.5mA/Op Amp 
e +5V to +15V Operation 

¢ PDIP and SOIC 


HA-5020/HA5022/HA5024 
SINGLE/DUAL/QUAD VIDEO OP AMP WITH DISABLE 


New High Speed Linear Products 


AnswerFAX DOCUMENT # 2845/3392/3550 


“906 BANGWIONN, .coscccnxaavsceedecueeeas 125MHz 
Differential Gain/Phase........... 0.03%/0.03 Degrees 
High ESD Protecilon . c..cc<cssesescewnsaanes 4000V 
Low Supply Curf6nt....ccccccecaaces 7.5mA/Op Amp 
+5V to +15V Operation 
Individual Output Disable/Enable 
PDIP and SOIC 

SAMPLE/HOLD 


HA5351 
FAST ACQUISITION SAMPLE/HOLD 


AnswerFAX DOCUMENT # 3690 


Past AGQUSMON 10 D.0T% 62.6 ccc wnean evecare 70ns 
Li CUBE ENG? «2 as0e ce denentnthiwenv sn Goer 2mvV 
LOW Pocesial ENO cise ctcias nsec avcn Weave we 10mV 
LGM TINOR AAlGicy cn cvadiked ee nadhs dake eas 2uV/us 
Wide Unity Gain Bandwidth.................. 40MHz 
Low THO (Hold Mode). .icsccswceaceunsenens -72dBc 
Low Power Dissipation. .......c60scnececnass 220mW 


8 Lead PDIP and SOIC 
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HFA5251 
ULTRA HIGH SPEED ATE PIN DRIVERS 


New High Speed Linear Products 


PIN DRIVER 


AnswerFAX DOCUMENT # 3689 


Mign ECL Data ABIG ..0ncscesevonaneenaew ns 800MHz =» 
Weep ABGFa TING 6 cv adivets nee eeeweedenns 500ps_ ° 
Precise Output Impedance .................... 50Q ° 
CU GWG: jo enusd een ewGdeeteurve sus -2Vto+7V 


High Impedance Three-State Output Control 
Die Form Only 


HFA5253 
ULTRA HIGH SPEED ATE PIN DRIVER 


AnswerFAX DOCUMENT # 4003 


Fign EGL Dats AG soos eens nie reese savas 800MHz 
Vas ASE Fal THN ssi ceawr sees oeew nde aw’ 500ps 
Wide Output SWING .. 16s 0ncenecerkwen owen -3V to +8V 
Precise Output Impedance .................285. 50Q 
File WENGE LEBMAGS 6 os ce nwincerneunnmendutas 100nA 


Slew Rate Control 
20 Lead Power SOIC and Die 


WIRELESS COMMUNICATIONS 


HFA3046, HFA3096, HFA3127, HFA3128 
ULTRA HIGH FREQUENCY TRANSISTOR ARRAYS 


AnswerFAX DOCUMENT # 3076 


NPE WARSISIOl Fy cccccsaecceebacseeranvewas 8GHz 
NPN Current Gain (pe). oivcaiccccavcnaedvevew ess 70 
PRP TNSISO Fp icccsectserccxtasaxnssavena 5.5GHz 
PNP Current Gain (Vice). scccccsecasne ea caewaawes 40 
14 Lead SOIC (HFA3046) 


16 Lead SOIC (HFA3096, HFA3127, HFA3128) 


HFA3101 
GILBERT CELL TRANSISTOR ARRAY 


AnswerFAX DOCUMENT # 3663 
NPN Transistor Array Configured as a Gilbert Cell 


High Gain Bandwidth Product ................ 10GHz 
High Power Gain BW Product................. 5GHz 
CUNEHE GEN Wiseliccccnscececnsettwadentwnwenns 70 
Low Collector Leakage Current.............. <0.01nA 


Pin Compatible to UPA101 
8 Lead SOIC 


HFA3102 
DUAL DIFFERENTIAL AMPLIFIER 


AnswerFAX DOCUMENT # 3635 


¢ High Gain Bandwidth Product................ 10GHz 
¢ High Power Gain BW Product................. 5GHz 
* High Curent Gain Nips) sccuscncevcaceennsean eas 70 
e Noise Figure (Transistor) .................... 3.5dB 
¢ Low Collector Leakage Current .............. <0.01nA 


Excellent hee and Vee Matching 
Pin Compatible to UPA102G 
14 Lead SOIC 


HFA3600 
LOW NOISE AMPLIFIER/MIXER 


1-6 


AnswerFAX DOCUMENT # 3655 
Low Noise Figure 


o LMA bacostee ee cea negenanenwae ex 2.3dB at 90OOMHz 
S MAGE fe ed & heed Lew eee eae es 12.1dB at 90OOMHz 
* UNA + MING cccesceassdsusuuws 3.97dB at 9OOMHz 
High Power Gain 

© ENA sched twenkee sakeane soeeund 12.8dB at 90OOMHz 
© PO eo necacssretnecd ee enaeed ee 7.0dB at 9OOMHz 
~ LNA @ MING! 2 cic cee ccsseaicwas 19.8dB at 90OMHz 
High Intercept 

t BNO 60450804080 hae PRiadeeed +12.8dBm at Output 
oe eee ee ee ee eee ee +3.2dBm at Output 
= LA + MO. . ecceiessascee cece: -16.7dBm at Input 
14 Lead SOIC 
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VIDEO CROSSPOINT SWITCHES 


HA4201 HA4404B 
WIDEBAND CROSSPOINT SWITCH WITH TALLY OUTPUT 400MHz 4 x 1, VIDEO CROSSPOINT SWITCH 


AnswerFAX DOCUMENT # 3680 


e Low Power Dissipation..................... 105mW 
e Symmetrical Slew Rates .................. 1700V/ps 
* 0.10 Gain FIGIIGSS ...ncncvasnanss wesw’ ne 250MHz 
© Off leolalion (1OOMAZ). cua. csdcecevncceevesn 85dB 
© DNSrSitial GAN «os sccceveveuavanweeuew eins 0.01% 
* Diterental PHOSG. 2 ccccvcnsesseecsass 0.01 Degrees 


e 8 Lead PDIP and SOIC 


HA4244 
WIDEBAND CROSSPOINT SWITCH 


WITH LATCHED CONTROL SIGNAL 


AnswerFAX DOCUMENT # 4078 
e Synchronous Enable Control (Latched) 


¢ Low Power Dissipation..................... 105mW 
¢ Symmetrical Slew Rates .................. 1700V/pis 
* 0,106 Gain FIaine6s ..escsecanescsasdcanes 250MHz 
¢ Off Isolation (100MHZ).................00008- 85dB 
© Deere) GON «ce on dee es 60dvadiseunsovans 0.01% 
¢ Differential Phase..................... 0.01 Degrees 
¢ 8 Lead SOIC 


HA4314B 
400MHz 4 x 1, VIDEO CROSSPOINT SWITCH 


AnswerFAX DOCUMENT # 3679 


¢ Low Power Dissipation..................... 105mW 
e Symmetrical Slew Rates .................. 1400V/us 
* 0.108 Gain FIQING@SS on cccsccenacnsaeewrens 100MHz 
¢ Differential Gain/Phase .......... 0.01%/0.01 Degrees 


¢ Pin Compatible to GX4314/L 
¢ 14 Lead PDIP and SOIC 


HA4344B 
400MHz 4 x 1, 


VIDEO CROSSPOINT SWITCH 


AnswerFAX DOCUMENT # 3956 
¢ Synchronous Controls (Latched) 


® LOW POWSr DISSIDSION. 5 onc ce sence eeivee de 105mW 
¢ Symmetrical Slew Rates .................. 1400V/is 
* O06 Gain FIAUIOSS ....2sscececeeenannvss 165MHz 
¢ Differential Gain/Phase .......... 0.01%/0.01 Degrees 


16 Lead PDIP and SOIC 


AnswerFAX DOCUMENT # 3678 
* Open Collector Tally Outputs 


e Low Power Dissipation ..................... 105mW 
¢ Symmetrical Slew Rates.................. 1400V/us 
* UO. TGR Galt PIGUIGSS i nu ncan we edvavedv dena es 165MHz 
¢ Differential Gain/Phase.......... 0.01%/0.01 Degrees 


¢ 16 Lead PDIP and SOIC 


| HA455 | 
HIGH PERFORMANCE 8 x 8 VIDEO CROSSPOINT SWITCH 


AnswerFAX DOCUMENT # 4244 
¢ Fully Buffered Inputs and Outputs (Ay = +1) 


e Wide -3dB Bandwidth..................... 130MHz 
* SlOW AGG a0 kk css beeed onesntaseeude wads 250V/us 
¢ Differential Gain/Phase.......... 0.02%/0.02 Degrees 
* Crosstalk (at 1OMAZ) «2 cccccesivewsceaininaas -60dB 


e 44 Lead MQFP 


HA456 


80MHz, LOW POWER 8 x 8 VIDEO CROSSPOINT SWITCH 


AnswerFAX DOCUMENT # 4153 
¢ Fully Buffered Inputs and Outputs (Ay = +1) 


* -<2dB BANGWI. ccca sce catdutveusasesuuns 80MHz 
© TOW HANG « 0de-cn ee hhoeeuee ka eden even wens 170V/us 
¢ Differential Gain/Phase........... 0.04%/0.2 Degrees 
¢ Crosstalk (at 1OMHZ) ............... scenes -60dB 


¢ 44 Lead PLCC and MQFP 


HA457 
WIDEBAND, Ay = 2, 8 x 8 VIDEO CROSSPOINT SWITCH 


AnswerFAX DOCUMENT # 4231 
¢ Fully Buffered Inputs and Outputs (Ay = +2) 


e Wide -3dB Bandwidth..................... 150MHz 
©: FING onc ot dee wn sivas nodees ees Ouseden 350V/us 
¢ Differential Gain/Phase.......... 0.01%/0.02 Degrees 
© Crosst@ik (4t 10MAZ) . 462054 sense e ee eeawene -60dB 


e 44 Lead MQFP 
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550MHz, Low Power, Current Feedback Operational Amplifier .......... 0.0.0.0... cece eee eee eee 3-564 
750MHz Low Distortion Unity Gain, Closed Loop Buffer ............ 0.0... cece 3-565 
850MHz, Low Distortion Programmable Gain Buffer Amplifier ............0.. 0.0.0... 000. cece eee 3-573 
850MHz, Low Distortion, Output Limiting, Programmable Gain, Buffer Amplifier .................... 3-585 
CaoMmiriz Video Cable DIMA DUNE! . 25 0c0<ceees rhe tees ibe eed Kd ye Te de he RRL OKO SRER PoE S 3-600 
225MHz, Low Power, Output Limiting, Closed Loop Buffer Amplifier ................... 000.00 a ae 3-605 
500MHz Programmable Gain Video Buffer with Output Limiting and Output Disable................. 3-611 
500MHz Programmable Gain Video Buffer with Output Limiting and Output Disable................. 3-611 
850MHz, Low Distortion Current Feedback Operational Amplifier ............... 0.00 3-518 
850MHz, Output Limiting, Low Distortion Current Feedback Operational Amplifier .................. 3-612 
360MHz, Low Power, Video Operational Amplifier with Output Limiting ......................0005. 3-623 
330MHz, Low Power, Current Feedback Video Operational Amplifier with Output Disable ............ 3-628 
550MHz, Low Power, Current Feedback Operational Amplifier ................ 000. e eee ee eee 3-564 
Dual, 400MHz, Low Power, Video Operational Amplifier ............. 0... ce eee ee eee eee 3-640 
Dual 350MHz, Low Power Closed Loop Buffer Amplifier ......... 0.0... cece eee eee eee ee 3-647 
Dual, 530MHz, Low Power, Video Operational Amplifier with Disable .................. 0000000 3-657 
Quad, 560MHz, Low Power, Video Operational Amplifier............. 0.0... cece eee eee 3-663 
Quad, 350MHz, Programmable Gain Buffer Amplifier ........... 0... eee nee 3-676 
ira High Frequency Traitor Alay 2 «cs sc chee cee see ord hee ee eames AEE EERE SER GER PHO G a HE 7-89 
Lite reals Frequency TItisister AMAY «6c ccc testes enaecrennneys $460 e sdb esi wewsesewa dn eeeas 7-89 
Gibert Gell UHF Wansistor AWAY 2.006.200. scens nce sc eemr ee ee ke Hees Koka e Ee eee KE See HA was FOB 
Dual Long-Tailed Pair Transistor Altay ..2cccccsace csc ewee taeda renee eo nns seneennew en eee nes 7-110 
Ultra High Frequency Transistor Array 2.6260 ncecc sce sence ceed esses st eese teens ener e nea nsen 7-89 
WJitra High Freauendcy Transistor ANG «4 2cc cscs ssbb snore steed OGRE ONC DHE RT EERE DEED RO RE 7-89 
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HFA5250 
HFA5251 
HFA5253 
ICL7611 
ICL7612 
ICL7621 
ICL7641 


ICL7642 


ICL7650S 


ICL8013 
ICL8038 
ICM7242 
ICM7555 
ICM7556 
LM1458 
LM2901 
LM2902 
LM2904 
LM324 
LM3302 
LM339 
LM339A 
LM358 
LM555 
LM555C 
LM741 


LM741C 


Alpha Numeric Product Index (continued) 


500MHz, Ultra High Speed Monolithic Pin Driver ........ 0.0... . cee eee eee eens 
SO0MMNz2 Menoltie Pin DNVEl . 2.52. csccccceeges cae ee cone aeave este Cee re wee wens eRe bee ee 
SOOMHz,. Ultra High-Speed Monolithic Pin Driver 22.6566 cccccacaee eden cee eeuduawensiuenwaaws 
1.4Miz, Low Power CMOS Operational Ampliiel ...... 0400 es0scecad eeee tesa ecaes Seeen eee 
1.4MHz, Low Power CMOS Operational Amplifier ....... 2... 0... ee ee eee eee 
Dual/Quad, Low Power CMOS Operational Amplifier... 0.0.0.0... 0... cee ee ee eee 
Dual/Quad, Low Power CMOS Operational Amplifier ........... 0.0... cece eee eee 
Dual/Quad, Low Power CMOS Operational Amplifier ................ 02. eee 
2MHz, Super Chopper-Stabilized Operational Amplifier ............ 00.0. 
Mhz, Four Quadrant Analog MUNIDIG! «once concd canes ae dese See ee ee be soe de ee eee een neess 
Precision Waveform Generator/Voltage Controlled Oscillator... .......... 0.2: cee eee 
Bede ne i ee er re re ee eee eT ee eee 
Genes! PUDOSS FING 66 foo obk ees es ksene ne edseskdet ede eceee eae SenbG oe bee wee ce eos 
COneral PUOOSS TUNG! co.cc acce ce sc andes oo sSE HE SEE ROS TEHA EERE TATED THERE CRM RES ERR S 
Single and Dual, High Gain Operational Amplifier for Military, Industrial and Commercial Application . 

Quad Voltage Comparator for Industrial, Commercial and Military Applications ................... 


Quad, 1MHz, Operational Amplifier for Commercial, Industrial, and Military Applications ............ 


Dual, 1MHz, Operational Amplifier for Commercial Industrial, and Military Applications 


Quad, 1MHz, Operational Amplifier for Commercial, Industrial, and Military Applications ............ 


Quad Voltage Comparator for Industrial, Commercial and Military Applications 


Quad Voltage Comparator for Industrial, Commercial and Military Applications 


Quad Voltage Comparator for Industrial, Commercial and Military Applications ................... 
Dual, 1MHz, Operational Amplifier for Commercial Industrial, and Military Applications ............. 
Timer for Timing Delays and Oscillator Application in Commercial, Industrial and Military Equipment ... 
Timer for Timing Delays and Oscillator Application in Commercial, Industrial and Military Equipment . 

Single and Dual, High Gain Operational Amplifier for Military, Industrial and Commercial Applications . . . 


Single and Dual, High Gain Operational Amplifier for Military, Industrial and Commercial Applications . . . 
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PAGE 
COMPARATOR DATA SHEETS : 
CA139, CA139A, Quad Voltage Comparators for Industrial, Commercial and Military Applications............. 4-3 
CA239, CA239A, 
CA339, CA339A, 
LM339, LM339A, 
LM2901, LM3302 
CA3098 Programmable Schmitt Trigger with Memory, Dual Input Precision Level Detector ........... 4-9 
CA3290, CA3290A BiMOS Dual Voltage Comparators with MOSFET Input, Bipolar Output ................... 4-10 
HA-4900, HA-4902, Precision Gilad COnIDAIGIGS sic bck deehaer eee dd arde ret ee ewes eae eed ee weeded weews 4-18 
HA-4905 
OPERATIONAL AMPLIFIER DATA SHEETS 
CA124, CA224, CA324, Quad, 1MHz, Operational Amplifiers for Commercial, Industrial, and Military Applications ..... 3-17 
LM324, LM2902 
CA158, CA158A, Dual, 1MHz, Operational Amplifiers for Commercial Industrial, and Military Applications. ...... 3-22 o - 
CA258, CA258A, 7 ~ 
CA358, CA358A, al to 
CA2904, oO2 
zo 
LM358, LM2904 FO 
CA741, CA741C, Single and Dual, High Gain Operational Amplifiers 
CA1458, CA1558, for Military, Industrial and Commercial Applications .........0.. 0.0. eect ees 3-29 
LM741, LM741C, 
LM1458 
CA3020, CA3020A 8MHz Power Amps For Military, Industrial and Commercial Equipment ..................00 eee ee 3-34 
CA3060 110kHz, Operational Transconductance Amplifier Array... 0.0.0.0... 0.0.00. cece eee 3-35 
CA3078, CA3078A 2khiz, Micropower Operational AMDIMNG's ..i<.cccc doers ccacaseesaaecanengareeacdaades 3-36 
CA3080, CA3080A 2MHz, Operational Transconductance Amplifier (OTA) ............. 00. c cece eee eee 3-45 
CA3094, CA3094A, 30MHz, High Output Current Operational Transconductance Amplifier (OTA)............... 3-56 
CA3094B 
CA3100 SEM im WOOrANCNe AINGUUET 645666 6d Condo RES DADE Oa Re we PE eRe Kee R Se HeeG Read Es 3-57 
CA3130, CA3130A 15MHz, BiMOS Operational Amplifier with MOSFET Input/CMOS Output.................. 3-64 
CA3140, CA3140A 4.5MHz, BiMOS Operational Amplifier with MOSFET Input/Bipolar Output ................. 3-79 
CA3160, CA3160A 4MHz, BiMOS Operational Amplifier with MOSFET Input/CMOS Output................... 3-98 
CA3193, CA3193A 1.2MHz, BiCMOS Precision Operational Amplifiers ............ 0.0... eee eee ee 3-114 
CA3240, CA3240A Dual, 4.5MHz, BiMOS Operational Amplifier with MOSFET Input/Bipolar Output ............ 3-115 
CA3260, CA3260A 4MHz, BiMOS Operational Amplifier with MOSFET Input/CMOS Output................... 3-129 
CA3280, CA3280A Dual, 9MHz, Operational Transconductance Amplifier (OTA). ........... cece eee eee eee ee 3-132 
CA3420, CA3420A 0.5MHz, Low Supply Voltage, Low Input Current BIMOS Operational Amplifiers............. 3-141 
CA3440, CA3440A 63kHz, Nanopower, BiMOS Operational Amplifiers ................ 0. cece eee eee 3-142 
CA3450 220MHz, Video Line Driver, High Speed Operational Amplifier ......................005. 3-143 
CA5130, CA5130A 15MHz, BiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output.... 3-144 
CA5160, CA5160A 4MHz, BiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output ..... 3-145 
CA5260, CA5260A 3MHz, BiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output ........ 3-146 


CA5420, CA5420A 


CA5470 


HA-2400, HA-2404, 


HA-2405 
HA-2406 
HA-2444 


HA-2500, HA-2502, 


HA-2505 


HA-2510, HA-2512, 


HA-2515 


HA-2520, HA-2522, 


HA-2525 
HA-2529 
HA-2539 
HA-2540 
HA-2541 
HA-2542 
HA-2544 
HA-2548 


HA-2600, HA-2602, 


HA-2605 


HA-2620, HA-2622, 


HA-2625 


HA-2640, HA-2645 


HA-2839 
HA-2840 
HA-2841 
HA-2842 
HA-2850 
HA-4741 
HA-5002 
HA-5004 
HA5013 
HA-5020 
HA5022 
HA5023 
HA5024 
HA5025 
HA-5033 


HA-5101, HA-5111 


Product index by Family (Continued) 


PAGE 
0.5MHz, Low Supply Voltage, Low Input Current BIMOS Operational Amplifiers............. 3-150 
Quad, 14MHz, Microprocessor BiIMOS-E Operational Amplifier with MOSFET Input/Bipolar Output. 3-156 
40MHz, PRAM Four Channel Programmable Amplifiers. ............ 0.0... eee eee eee 3-161 
30M, Digitally Selectable Four Channel Operational Amplifier....................-005- 3-167 
50MHz, Selectable, Four Channel Video Operational Amplifier ............. 0.00000 eee ee 3-173 
12MHz, High Input Impedance, Operational Amplifiers. ...........0.. 0.0.0 c cee cece ee ees 3-174 
12MHz, High Input Impedance, Operational Amplifiers... ............ 0.0... eee eee eee 3-181 
20MHz, High Slew Rate, Uncompensated, High Input Impedance, Operational Amplifiers .... . 3-188 
20M#2z, High Input Impedance, High Slew Rate Operational Amplifier..................... 3-196 
600MHz, Very High Slew Rate Operational Amplifier............ 0... 0... cee eee 3-197 
400MHz, Fast Settling Operational Amplifier... ...... 0.0... eee eee eee eens 3-205 
40MHz, Fast Settling, Unity Gain Stable, Operational Amplifier.......................... 3-213 
70OMHz, High Slew Rate, High Output Current Operational Amplifier...................... 3-222 
SOMHz, Video Operational AMPNMICl «i ccccascccesccicenw ncaa eeevanennseess seesaw 3-233 
150MHz, High Slew Rate, Precision Operational Amplifier................. 0.0 eee eee eee 3-244 
12MHz, High Input Impedance Operational Amplifiers ............... 0.0: e ee eee 3-245, 
100MHz, High Input Impedance, Very Wideband, Uncompensated Operational Amplifiers... . . 3-252 
4MHz, High Supply Voltage Operational Amplifiers... 0.2.0.0... 0... 0. cece eee 3-259) 
600MHz, Very High Slew Rate Operational Amplifier.................. 0. cece cece eee eee 3-265 
600MHz, Very High Slew Rate Operational Amplifier.............. 0.0... cee cee eee 3-266 
50MHz, Fast Settling, Unity Gain Stable, Video Operational Amplifier..................... 3-273 
80MHz, High Slew Rate, High Output Current, Video Operational Amplifier ................ 3-281 
470MHz, Low Power, High Slew Rate Operational Amplifier ............... 0.0.0.0. eee 3-290 
Quad, S.aMriz, Operational AMINE ois ed ccc er oc tes ese che Rene Oc dw ee eRe R weer 3-291. 
110MHz, High Slew Rate, High Output Current Buffer.........0..0... 000 e cece cece eeee 3-297 
10GMFz Current Feedback AITipliiel 2.666 cescs ic ncn ceded vee eweeew seddwnuneeeede des 3-305 
Thole, TESMNz VIGGO ANPING kids kcde od neee eee e denen weed eeeee nese bee0 wakeea aes 3-306 
100MHz Current Feedback Video Amplifier With Disable.....................0000000 0 ee 3-320 | 
Dual, 125MHz, Video Current Feedback Amplifier with Disable.......................00. 3-340 
Dual 125MHz Video Current Feedback Amplifier ......... 0.0.0... 0. cece ee eee eee 3-356 
Quad 125MHz Video Current Feedback Amplifier with Disable .......................05. 3-370 | 
Quad, 125MHz Video Current Feedback Amplifier.......... 0.0.00... ccc ee eee ee eee 3-386 
SOUNE WIG GN oc orees se aw ke dhe eS awe he bnee eased eee whet dactwedeeswacdmen 3-399 
10MHz and 100MHz, Low Noise, Operational Amplifiers .......... 0.0.0.0... cc eee eee eee 3-408 
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HA-5102, HA-5104, 
HA-5112, HA-5114 


HA-5127, HA-5127A 
HA-5130, HA-5135 
HA-5134 

HA-5137, HA-5137A 
HA-5142, HA-5144 
HA-5147, HA-5147A 
HA-5160, HA-5162 
HA-5170 

HA-5177 

HA-5190, HA-5195 
HA-5221, HA-5222 
HFA1100, HFA1120 
HFA1102 

HFA1103 

HFA1105 

HFA1106 

HFA1109, HFA1149 
HFA1110 

HFA1112 

HFA1113 

HFA1114 

HFA1115 
HFA1118, HFA1119 
HFA1130 
HFA1135 

HFA1145 

HFA1205 

HFA1212 

HFA1245 

HFA1405 

HFA1412 

ICL7611, ICL7612 


ICL7621, ICL7641, 
ICL7642 


ICL7650S 


Product Index by Family (Continued) 


Dual and Quad, 8MHz and 60MHz, Low Noise Operational Amplifiers .................... 


8.5MHz, Ultra-Low Noise Precision Operational Amplifier ..............0. 0.000 c eee eae 
2.5MHz, Precision Operational Amplifiers... .. 0.0.0.0... 0... ccc ee ee eee ees 
4MHz, Precision, Quad Operational Amplifier............. 0.0.00 ee eee eens 
63MHz, Ultra-Low Noise Precision Operational Amplifier.................. 000000 e eee eee 
Dual/Quad, 400kHz, Ultra-Low Power Operational Amplifiers ............ 0.00.00 0 cee euee 
120MHz, Ultra-Low Noise Precision Operational Amplifiers............. 0.0.0.0 cece eee 
100MHz, JFET Input, High Slew Rate, Uncompensated, Operational Amplifiers............. 
8MHz, Precision, JFET Input Operational Amplifier ..............0 0.0.0.0. ccc eee eee eee 
2Mkz, Ultra-Low Offset Voltage Operational Amplifier............... 0.0.0.0 ccc eee eee 
150MHz, Fast Settling Operational Amplifiers... .............. 0. ccc cece eee eee eens 
100MHz, Single and Dual Low Noise, Precision Operational Amplifiers.................... 
850MHz, Low Distortion Current Feedback Operational Amplifiers ....................05. 
600MHz Current Feedback Amplifier with Compensation Pin............... 00000 eee 
200MHz, Video Op Amp with High Speed Sync Stripper ............... 0.0.00 e eee eee 
330MHz, Low Power, Current Feedback Video Operational Amplifier..................... 
315MHz, Low Power, Video Operational Amplifier with Compensation Pin................. 
550MHz, Low Power, Current Feedback Operational Amplifiers ....................0000. 
750M#z, Low Distortion Unity Gain, Closed Loop Buffer .................. 0.0... 000 0000 e, 
850MHz, Low Distortion Programmable Gain Buffer Amplifier.....................000005 
850MHz, Low Distortion, Output Limiting, Programmable Gain, Buffer Amplifier............. 
850MHz Video Cable Driving Buffer... 0.0.0.0... ccc ce cece ete e eee ees 
225MHz, Low Power, Output Limiting, Closed Loop Buffer Amplifier...................... 
500MHz Programmable Gain Video Buffers with Output Limiting and Output Disable......... 
850MHz, Output Limiting, Low Distortion Current Feedback Operational Amplifier ........... 
360MHz, Low Power, Video Operational Amplifier with Output Limiting.................... 
330MHz, Low Power, Current Feedback Video Operational Amplifier with Output Disable ..... 
Dual, 400MHz, Low Power, Video Operational Amplifier .................. 0.0 c cece eens 
Dual 350MHz, Low Power Closed Loop Buffer Amplifier ............ 0.0... 00. eee eee eee 
Dual, 530MHz, Low Power, Video Operational Amplifier with Disable ..................... 
Quad, 560MHz, Low Power, Video Operational Amplifier........... 0... .. 0.000 eee 
Quad, 350MHz, Low Power, Programmable Gain Buffer Amplifier........................ 
1.4MHz, Low Power CMOS Operational Amplifiers ..........0.0.0 0.0.00. cee eee eee 
Dual/Quad, Low Power CMOS Operational Amplifiers. .............. 0... c eee eee 


2MHz, Super Chopper-Stabilized Operational Amplifier................... 0.0002 ee eee 
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Product Index by Family (continues 


PAGE 
SAMPLE AND HOLD AMPLIFIER DATA SHEETS 
HA-2420, HA-2425 | 20s Sample and Mom AMPS, isos d owed cag eee ened bh0es Rane Pence Eee ees owed 5-3 
HA-5320 1jis Precision Sample and Hold Amplifier... 0.200 neces eesnewesecnernesueeweeeauane 5-12 
HA-5330 650ns Precision Sample and Hold Amplifier... ....... 0.0.0... eee ee ee eee 5-19 
HA-5340 700ns, Low Distortion, Precision Sample and Hold Amplifier............. 0.00.0. eeee 5-24 
HA5351 64ns Sample and Hold Amplifier... 0.000.000 cc cee ccc cece cee teen eee eee e eee 5-32 
SPECIAL ANALOG CIRCUIT DATA SHEETS | 
CA555, CA555C, Timers for Timing Delays and Oscillator Application | 
LM555, LM555C in Commercial, Industrial and Military Equipment............... 2... cee eee eee ee eee 8-3 
CA1391, CA1394 TY Horizontal ProCesSsOrs «ccs sc c kw bower cer bae News hOE 6 OES HS HESS ONE OEMS ESOS ERED 8-9 
CA2111A FM IF Amplifier-Limiter and Quadrature Detector........... 0... cee eee ee eee 8-13 
CA3012 FM IF Wideband Amplifier... 0.0.0.0... 0... c cece eee eee eee e teen eens 8-18 
CA3088E AM Receiver Subsystem and General-Purpose Amplifier Array................. 0.000 e eee 8-23 
CA3089 ee ee ae ee ee a eT ee eee ee re 8-27 
CA3126 TY CHOMA PIOHGSEO!.. 6 icc cr enec cca eens PK bade e ane ese ee KERN eK OAL Rhee Ree es 8-33 
CA3154 TV Sync/(AGC/Honzontal Signal ProC@SSor. 226s ice cece cnet eee essences oneeendenss ae 
CA3189 PR BO ont octktdeneynacedensnhesdddatas ene aneeh dene ener dshcoume cuales 8-48 
CA3224E Automatic Picture Tube Bias Control CHCUR .. 0: ccacacesuscess vewacdes eres seeunuwewus 8-5 . 
CA3256 25MHz, BiMOS Analog Video Switch and Amplifier ............... 0... cece eee eee sal 
CD22402 Sync Generator for TV Applications and Video Processing Systems...................... 8-62 
HA-2546 30MHz, Voltage Output, Two Quadrant Analog Multiplier...................... 0.0 c eee 8-73 
HA-2547 100MHz, Two Quadrant, Current Output, Analog Multiplier ..........................04. 8-87 
HA-2556 57MHz, Wideband, Four Quadrant, Voltage Output Analog Multiplier ..................... 8-88 
HA-2557 130MHz, Four Quadrant, Current Output Analog Multiplier ......................000005. 8-102 
HA7210, HA7211 10kHz to 10OMHz, Low Power Crystal Oscillator ........0 0.0... cece ee ee eee 8-103 
HFA5250 5S00MHz, Ultra High Speed Monolithic Pin Diver .... 0200 ccccrsewenvewiavasvess cused us 8-116 
HFA5251 BOOM. MONONING PIl DAVE cca ccvauce de hued oeean cade dneeereun Skee beRS See ewes 8-117 
HFA5253 800MHz, Ultra High-Speed Monolithic Pin Driver........... 2... ccc ee eee eee 8-128 
ICL8013 1MHz, Four Quadrant Analog Muliplisr:. 2.5. ccescccasccsctoevs cues tteeseuees see eas 8-145 
ICL8038 Precision Waveform Generator/Voltage Controlled Oscillator................ 0.00000 e eee 8-153 
ICM7242 Long Range Fixed Timer. .......... 0. ccc cece ccc ence eect ence tense eee eeneeeeee 8-163 
ICM7555, ICM7556_~—- General Purpose Timers..........0-. 0c ceccececcuceuceuceuceeeneees Rd osss gence 8-170 
TRANSISTOR AND DIODE ARRAY, AND DIFFERENTIAL AMPLIFIER DATA SHEETS 
CA3018, CA3018A General Purpose Transistor AMGYS.uios cece cee ec andes Meee HEU Ree eRe REED ea Re 7-5 
CA3028A, CA3028B, Differential/Cascode Amplifiers for Commercial and Industrial Equipment | 
CA3053 Me D1 T2ONS: ¢ ctk sone d oe Se RSE EE EOE EONS OS ROH 1O HEE DOEE SOE O OS EEE SEE 7-6 
CA3039 NG a oe beens oObe oe eed 6 U4e 256040S RE S04 SEASON HOSE ORE Oe ee 24h ous 7-18 
CA3045, CA3046 General Purpose NPN Transistor ArayS 2.2. ccnsccsuscewwew cee esau a reve enna eee sewwe 7-22) 
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PAGE 

CA3049, CA3102 Dual High Frequency Differential Amplifiers For Low Power Applications Up to 500MHz ...... 7-28 
CA3054 Dual Independent Differential Amp for Low Power Applications from DC to 120MHz................ 7-37 
CA3081, CA3082 General Purpose High Current NPN Transistor Arrays... 0.2.0.0... 00.0 c cee eee eee 7-45 
CA3083 General Purpose High Current NPN Transistor Array. ....... 20.0... 7-48 
CA3086 General Purpose NPN TraitSistor ANGY 5 ccccseccsinaseseeweseWeeee ride dew abe ee nes 7-52 
CA3096, CA3096A, Pere VNR PUTS 9.2 60s 64088 och ash Heke oo sess eens n Keen newer teness 7-57 
CA3096C 
CA3127 rig Frequency NPN TiAnsisior AREY 6546 o5 cu cin eed eeWee eke Cee eee wR ESE SE SOE R THOS ® 7-69 
CA3141 High-Voltage Diode Array For Commercial, Industrial and Military Applications.............. 7-75 
CA3146, CA3146A, High-Voltage Transistor ArrayS............. 00. c eee eee ouvexéeseeranenaeacen cesses 7-76 
CA3183, CA3183A 
CA3227, CA3246 High-Frequency NPN Transistor Arrays For Low-Power Applications 

Bt PIGCUBNGIOS UD 10 | Sie dos ccd g 6 4eGseeee 444 0460602 eE wR OEE ED OSE a EK Rome WO 7-84 rs li 
HFA3046, HFA3096, Ultra High Frequency Transistor ArrayS .......... 0.0 ccc eee eee eee eee eeee 7-89 Lu a 
HFA3127, HFA3128 a & 
HFA3101 Silber Gol UMP Transistor Aly 2 ccc cece cee cun eee ees eee rst knennte ed dw peeu seanwens 7-98 = 8 
HFA3102 Dual LOng-T alse Par TTANSIGIOr AIRY. kad eess esse sees a kes abner eer eeiaret as vonewr 7-110 

VIDEO CROSSPOINT SWITCH DATA SHEETS 

HA4201 480MHz, 1 x 1 Video Crosspoint Switch with Tally Output........... 0.0.0.0... eee eee 6-3 
HA4244 480MHz, 1 x 1 Video Crosspoint Switch with Synchronous Enable .....................0.. 6-10 
HA4314B A0OMHZ, 4% 1 Video CHOSSDOINT SWIG... cdc ceedscewese cet ben beds bande tnerberavnanen 6-16 
HA4344B 350MHz, 4 x 1 Video Crosspoint Switch with Synchronous Controls ................00000- 6-23 
HA4404B 330MHz, 4 x 1 Video Crosspoint Switch with Tally Outputs ..................0..00000 08. 6-26 
HA455 TSOMAZ, 8 = & Video CroSsDOint SWIGH «0s o0cee cece ensnne need eee nace sean eawe wes 6-33 
HA456 80MHZz, Low Power, 8x 8 Video Crosspoint SWHICH oc. ccc cc cca circa ees eeeavanen 6-34 
HA457 T7OMAHZ, Ay = +2, 8 x 6 Video Crosspoint Swilth. «0.5 ccsesccsecsnesenessvewevnsnewews 6-35 
HA4600 480MHz, Video Buffer with Output Disable. ............ 0.0... cee cee eens 6-36 
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Commercial Linear Product Cross Reference 


3508J ~ | HA2-2625-5 
3551J HA2-5162-5 Reduced Ipj,as/greater Bandwidth 
No 


AD389KD HA1-5320-5 
HA2-2625-5 
HA2-2625-5 
HA2-2620-2 
HA2-2525-5 
HA2-2525-5 
HA2-2520-2 
HA2-2515-5 
HA3-2515-5 
HA2-2515-5 
HA2-2510-2 
HA1-2547-5 
HA1-2547-5 
HA1-2547-9 
HA1-5170-5 
HA3-2839-5 
HA1-2839-5 
HA1-2539-2 
HA1-2425-5 
HA1-2420-2 
HA1-2425-5 
HA1-5320-5 
HA1-5320-2 
HFA1105/P 
HFA1105/B 
HA3-5020-9 
HA3-5020-9 
HFA1105/B 
HA7-5020/883 
HA5023IP 
HA50231B 
HA5S023/B 


AD507JH 
AD507KH 
AD507SH 
AD509JH 
AD509KH 
AD509SH 
AD518JH 
AD518JN 
AD518KH 
AD518SH 
AD539JD 
AD539KD 
AD539SD 
AD542JH 
AD5539JUN 
AD5539JQ 
AD5539SQ 
AD582KD 
AD582SD 
AD583KD 
AD585AQ 
AD585SQ 
AD8001AN 
AD8001AR 
AD810AN 
AD811AN 
AD811AR-8 
AD811SQ/883 
AD812AN 
AD812AR 
AD812AR-8 
AD813AN 
AD813AR-14 
AD817AN 
AD817AR 
AD818AN 
AD818AN 
AD818AR 
AD826AN 


< 
@O 
op) 


14°) 
n 


' 
c4) 
” 


Yes Substitute HA2-2529-5 
Yes Substitute HA2-2529-5 
Yes Substitute HA2-2529-2 


No 
No 
No 


a 
a 
a 
NB 
No 
NS 
No 


HA5013IP Yes Better AC and Video Specs 


HA9P2841-5 Yes 


+ Primary Pins are pin-to-pin; secondary/optional pins are not. 
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Commercial Linear Product Cross Reference 


[aon ___—iwaeasers Pes 
[apeewia wares | ves SSS 
[abewinn ___raeasars | ves 
SE 
uw f 
ae 
Fe 
[aoe ___—iwaeases | ves OSOSOSCSOOCS 
[aves ravens «ves ESC 
[avewann ___—rawesaes «ves PSCC 
[aoemaxa wares | ves SSO 
[Aer ___fraseucs | ves dT 
[aoewrsa__—raresee | ves 


+ Primary Pins are pin-to-pin; secondary/optional pins are not. 
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Commercial Linear Product Cross Reference 


AD9630AQ Yes Performance, Price 

AD9630AR Yes 
AD9630SQ Yes 
ADEL2020AN }HA3-5020-9 | Yes 
ADLH0032CG + 
ADLH0032G t 
ADLH0033CG + 
ADLH0033G 
ADOP27AQ Yes 
ADOP27EQ Yes 
ADOP27GQ Yes 
ADOP37AQ Yes 
ADOP37EQ Yes 
ADOP37GQ Yes 
AM-450-2 Yes 
AM-450-2M Yes 
AM-452-2 Yes 
AM-452-2M Yes 
AM-460-2 Yes 
AM-460-2M Yes 
AM-462-2 Yes 
AM-462-2M Yes 
AM-7650-1 Yes 
AM-7650-2 Yes 
BUF634P Yes 
CA3054 Yes 
CA3146P Yes 
CLC109AUP Yes 
CLC110A8D Yes 
CLC110AID Yes 
CLC110AUP Yes 
CLC110ALC N/A 
CLC400A8D + Better Performance 
CLC400AID . Better Performance 
CLC400AJE Yes Faster, Lower Power, +5V Only 
CLC400AJE r 
CLC400AuP + 
CLC400ALC N/A 
CLC401A8D Yes 
CLC401AIB Yes 
CLC401AID Yes 
CLC401AJE Yes 
CLC401 AUP Yes 
CLC401ALC N/A 


+ Primary Pins are pin-to-pin; secondary/optional pins are not. 


Performance, Price 


Performance, Price 


Monolithic/lower Cost 
Monolithic/lower Cost 

Enhanced ACs/monolithic/lower Cost 
Enhanced ACs/monolithic/lower Cost 
Enhanced ACs/Reduced Icc¢ 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc¢ 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Guaranteed Voy t/ACs 

Guaranteed Voyt/ACs 

Guaranteed Voyt/ACs 

Guaranteed Voyt/ACs 

Guaranteed Voyt/ACs 

Guaranteed Voyt/ACs 

Guaranteed Voy t/ACs 

Guaranteed Voyt/ACs 

Almost Identical 


Almost Identical 


Vout Version Available 


Higher Output Current 
Better Performance 
Better Performance 


Better Performance 


Better Performance 


Better Performance 


Better Performance 
Better Performance 
Better Performance 
Faster, Lower Power 


Better Performance 


- 
— 
co 


| 


Commercial Linear Product Cross Reference 


PART NUMBER HARRIS DEVICE PIN-TO-PIN ; HARRIS ADVANTAGE/COMMENT 


es 
CLC402AIB HFA1100IJ Yes Better Performance 
CLC402AID HFA1100lJ Yes Better Performance 
CLC402AJE HFA11001B Yes Better Performance 
CLC402AJE HFA11051B Yes Faster, Lower Power 
CLC402AJP HFA1100IP Yes Better Performance 
CLC402ALC HFA1100Y N/A 
CLC404A8D HFA1100MJ/883 Yes Better Performance 
CLC404AIB HFA1100lJ Yes Better Performance 
CLC404AID HFA1100IJ Yes Better Performance 
CLC404AJE HFA11001B Yes Better Performance 
CLC404AJE HFA11051B 
CLC404AJP HFA1100IP Yes 
CLC404ALC HFA1100Y N/A 
CLC406A8D HFA1100MJ/883 Yes Better Performance 
CLC406AIB HFA1100lJ Yes Better Performance 
CLC406AID HFA1100IJ Yes Better Performance 
CLC406AJE HFA11001B Yes Better Performance 
CLC406AJE HFA11051B Yes Faster, Lower Power 
CLC406AJP HFA1100IP Yes Better Performance 
CLC406ALC HFA1100Y N/A 
CLC409A8D HFA1100MJ/883 Yes 
CLC409AIB HFA1100lJ Better Performance 
CLC409AID HFA11001J Yes Better Performance 
CLC409AJE HFA11091B Yes 
CLC409AJP HFA11091P Yes Better Performance 
CLC409ALC HFA1109Y N/A ‘Better Performance 
CLC410AJP HFA1149IP Yes 
CLC410A8D HFA1120MJ/883 
CLC410AID HFA1120lJ 
CLC410AJE HFA11491B Yes 
CLC410AJP HFA1149IP CLC Has Enable 
CLC410ALC HFA1149Y N/A CLC Has Enable 
CLC414AJE HA50251B 
CLC414AJP HA5025|IP 
CLC415AJE HA50251B e 
CLC415AJP HA5025|IP Yes Better DC Specifications 

CLC425AJE HFA11001B Yes Vep VS Crp 

CLC425AJP HFA1100iP Yes Vep vs Crp 

CLC428AJE HA50231B Yes Vep VS Crp 

CLC428AJP HA5023I1P Yes Vep vs Cep 

CLC430 HA-5020 Yes Enhanced AC and Video Performance 
CLC430AIB HA7-5020-9 
CLC430AID HA7-5020-9 
CLC430AJE HA9P5020-9 
CLC430AJP HA3-5020-9 Better AC Performance 
CLC432AJE HA50231B Yes Better AC and Video Specs 


Yes Faster, Lower Power 


Better Performance 


TABLE OF 
CONTENTS 


Better Performance 


Yes 


CLC Has Enable 
CLC Has Enable 


< 


e 


” 


Better Video and DC Specifications 


es Better Video and DC Specifications 


< 


” 


Better DC Specifications 


«<< 


es Better AC Performance 


es Better AC Performance 


ui 


es Better AC Performance 


< 


es 


+ Primary Pins are pin-to-pin; secondary/optional pins are not. 
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Commercial Linear Product Cross Reference 


foLoMene iano |e OOOOCSCSCSCSC~*S 
Yes 


HFA1100IP 
HFA1130MJ/883 
HFA11301lJ 
HFA11301B 
HFA1130IP 
HFA1130MJ/883 
HFA1130IJ 
HFA11301B 
HFA1130IP 
HA1-2539-2 
HA1-2839-5 
HA1-2839/883 
HA1-2540-2 
HA1-2840/883 
HA1-5190-2 
HA1-5195-5 
HA2-2500-2 
HA2-2502-2 
HA2-2505-5 
HA2-2510-2 
HA2-2512-2 
HA2-2515-5 
HA2-2520-2 


~< 
40) 
179) 


Better Performance 
CLC501AID 
CLC501AJE 
CLC501AJP 
CLC502A8D 
CLC502AID 
CLC502AJE 
CLC502AJP 
EHA1-2539-2 
EHA1-2539-5 
EHA1-2539/883B 
EHA1-2540-2 
EHA1-2540/883 
EHA1-5190-2 
EHA1-5195-5 
EHA2-2500-2 
EHA2-2502-2 
EHA2-2505-5 
EHA2-2510-2 
EHA2-2512-2 
EHA2-2515-5 
EHA2-2520-2 


Better Performance 


140) 
n 


Better Performance 


~< 
(40) 
io) 


Better Performance 


~< 
oO 
” 


Better Performance 


ae 
oO 
” 


Better Performance 


< 
i9) 
n 


Better Performance 


< 
oO 
wn 


Better Performance 


~< 
40) 
” 


< 
i4) 
wn 


Lower Cost 


< 
14) 
” 


Lower Cost 


Lower Cost 


af’) ad 
oO; O 
nn 


< 
© 
n 


< 
oO 
n 


< 
14) 
wn 


140) 149) Oo 
i?) 19) n 


< 
14) 
n 


< 
14) 
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Substitute HA2-2529-2 


< 
oO 
” 


< 
Oo 
n 


eo} B®) 
a 
OTTO 
ory > 
oO; = 
—} © 
Z| & 
OT} UV 


[evaraseea_[narasexe [ves SSS 


+ Primary Pins are pin-to-pin; secondary/optional pins are not. 


Commercial Linear Product Cross Reference 


feRaroewoe [warseoee@ | ves OSSOSCSCSCSCSCSCSCSCSCSCSC* 
fenar-osoe-e _[waracoee ives «dS 
EHA7-2605-5 
EHA7-2620-2 
EHA7-2622-2 
EHA7-2625-5 
EL2003CH Greater Slew Rate/Reduced Icc 


EL2003CPL HA9P5002-9 


Greater Slew Rate/Reduced Icc¢ 
Greater Slew Rate/Reduced Icc 
Greater Slew Rate/Reduced Icoc 
Greater Slew Rate/Reduced Icc 
Greater Slew Rate/Reduced Icc 
Greater Bandwidth 


EL2005CG 
EL2005G Greater Bandwidth 
EL2020CJ 


EL2020CM HA9P5020-5 


Better Performance 


Enhanced ACs and Voyt/lower Cost 
EL2020CN Better Performance 
EL2020J/883B 
EL2030J/883B 


Enhanced ACs and Voyrt/lower Cost 


Better Performance 


TABLE OF 
CONTENTS 


EL2003H HA2-5002-2 

- Enhanced Voyt/lower Cost 

- Disable Feature | 
Enhanced Voyt/lower Cost 
Greater Slew Rate/Reduced Icc 


Greater Slew Rate/Reduced Icc 


Greater Slew Rate/Reduced Icc 


Lower Cost 


EL2039J/883 
EL20404/883 
EL2070J/883B 
EL20714/883B 


+ Primary Pins are pin-to-pin; secondary/optional pins are not. 


¥ 
Y 
Y 
¥ 
Y 
¥ 
Y 
¥ 
¥ 
bi 
b 
Y 
¥ Lower Cost 
¥ Enhanced ACs/lower Power/lower Cost 
Y Lower Cost 
Y Lower Cost 
¥ Enhanced ACs/lower Power/lower Cost 
¥ Lower Cost 
Y Enhanced ACs/lower Power/lower Cost 
¥ Enhanced ACs/lower Power 
¥ Enhanced ACs/lower Power/lower Cost 
Y Enhanced ACs/lower Power/lower Cost 

Low Power 
¥ Primary Pins are Pin-to-pin Compatible; Optional Pins are No 
Better Performance 
Better Performance 


Better Performance 


Better Performance 


Better Performance 


Better Performance 


Better Performance 


es 
es 
es 
es 
es 
No 
No 
No 
es 
No 
+ 
t 
es 
58 
es 
es 
es 
r 
es 
+ 
+ 
t 
t 
es 
es 
es 
es 
es 
es 
es 
es 
es 
es 
es 
+ 
es 
+ 
4 
n 
+ 
Yes 
Yes 


Better Performance 


PART NUMBER 
EL2072J/883B 
EL2120CN 
EL2120CS 
EL2130CN 
EL2130CS 
EL2130CS 
EL2160CN 
EL2160CS 
EL2166CN 
EL2166CS 
EL2171CN 
EL2171CS 
EL2171J/883B 
EL2190G 
EL2190J 
EL2195CG 
EL2195CJ 
EL2210CM 
EL2210CN 
EL2211CM 
EL2211CN 
EL2232CN 
EL2260CN 
EL2260CS 
EL2310CN 
EL2310CS 
EL2311CN 
EL2311CS 
EL2410CN 
EL2410CS 
EL2411CN 
EL2411CS 
EL2460CN 
EL2460CS 
EL400CN 
EL400CS 
EL400J/883B 
ELHO032CG 
ELHO0032G 
ELH0033CG 
ELH0033G 
GB4600-CDA 
GB4600-CKA 
GX4201-CDA 
GX4201-CKA 
GX4314-CDB 
GX4314-CKB 


Commercial Linear Product Cross Reference 


HARRIS DEVICE 
HFA1110MJ/883 
HA3-5020-5 
HA9P5020-5 
HFA1100IP 
HFA11001B 
HFA11051B 
HA3-5020-5 
HA9P5020-5 
HA3-5020-5 
HA9P5020-5 
HFA11001P 
HFA11001B 
HFA11001J/883 
HA2-5190-2 
HA1-5190-2 
HA2-5195-5 
HA1-5195-5 
HA50231B 
HA50231P 
HA50231B 
HA50231P 
HA50231P 
HA50231P 
HA50231B 
HA50131P 
HA50131B 
HA50131IP 
HA50131B 
HA5025|P 
HA50251B 
HA5025|P 
HA50251B 
HA50251P 
HA50251B 
HFA11201P 
HFA11201B 
HFA1120MJ/883 
HA2-2542-5 
HA2-2542-2 
HA2-5033-5 
HA2-5033-2 
HA4600CP 
HA4600CB 
HA4201CP 
HA4201CB 
HA4314ACP 
HA4314ACB 


PIN-TO-PIN 


es 


~< 


< 


es 


es 


< 


es 


< 


es 


< 


es 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


es 


< 


es 
es 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


Yes 


~< 


~< 
— Pf — Pp +] se] as] a 


es 
Yes 


e 


~< 
” 


es 


Yes 
Yes 
Yes 
Yes 
Yes 


Yes 


+ Primary Pins are pin-to-pin; secondary/optional pins are, not. 
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HARRIS ADVANTAGE/COMMENT 
Better Performance 
Lower Power 
Lower Power 
Better Performance 
Better Performance 


Better Performance, Lower Power 


Better Performance 
Better Performance 


Better Performance 


Better AC and Video Specs 

Better AC and Video Specs 

Better AC and Video Specs 

Better AC and Video Specs 

+5V Only 

Better Video and DC Specifications, +5V Only 
Better Video and DC Specifications, +5V Only 
Better Performance 

Better Performance 

Better Performance 

Better Performance 

Better Performance 

Better Performance 

Better Performance 

Better Performance 

Better Video and DC Specifications 

Better Video and DC Specifications 

Better Performance 

Better Performance 


Better Performance 


Greater Bandwidth 

Greater Bandwidth 

Lower Power, Faster Switching 
Lower Power, Faster Switching 
Lower Power, Faster Switching 
Lower Power, Faster Switching 
Lower Power, Faster Switching 


Lower Power, Faster Switching 


Commercial Linear Product Cross Reference 


fexasratce® | aasrancs [ves tover Power Faster Switching 
[exesoa-coc____[wAwoaacr [| ___Yes___| Lower Power Faster Swiching 


Lower Power, Faster Switching 


GX4314LCDB HA4314ACP 


GX4404-CKD HA4404ACB 
HOS-100AH HA2-5033-2. 
HOS-100SH HA2-5033-2. 


HA2-2542-2 
HA2-2542-2 


Greater Bandwidth/lower Cost 


Greater Bandwidth/lower Cost 


a 


Lower Cost 


HOSO050A 

HOSO050C | HA2-2542-2 
ICL7611ACPA 
ICL7611ACTV 


“Yes” 
Yes 
“Yes 
Yes 
fo. 
; 
ICL7611ACPA | Yes 
ICL761 1AMTV ‘Yes 
| Yes 
_ — 
| [Yes Yes : 
| Yes . 


EAR NNR fo Bt Ra OT 


Lower Cost | 


SS ASN A AREER HI 


ICL7611ACTV 

ICL7611BCTV 
ICL7611DCPA | 
ICL7611DCTV 


TABLE OF 
CONTENTS 


ICL7611DMTV ICL7611DMTV Yes 
ICL7612ACPA [Yes 
ICL7612BCPA—i‘dhtC(atit*s es 
} 


ye 
yes 
es 
es 
fecraaiaciy _[icurearacty [ves 
fecreaiawiry ___[iccrearawny [ves 
pecreeisopx_[icurearecra [ves 
fetreaiecry__[icureavecty [ves 
fecreerewry—__[icurearewiy [ves 
fetreaieora_[vecreaiocra [ves 
fecreeioosa _[icurearooea [ves 
fecreaioow —__ficurearoowy [ves 
fetreaiowmrv —__[icurearowny [ves 
fecreaicoro___[iccrenicoro___ [ves 
fecreaieoro __[icurestecro [ves 
fecreeecove—_[icurewacowo [ves 
fetreaacoro__[icuresacoro__ [ves 
fetresacmio___[recreaeomio_ [ves 
pecresaeoso__[ietrewaeio [ves 
fetreaazoro___[rccreseecro [ves 


e 

eC 

ICL7621ACPA ICL7621ACPA 

e 
ICL7642EMJD ICL7642EMJD 


+ Primary Pins are pin-to-pin; secondary/optional pins are not. 
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Commercial Linear Product Cross Reference 


ICL7650BCPD Reduced Vio/Ipias 

ICL7650BCTV-1 Reduced Vio/Ipias 

ICM7242IPA 
ICM7555CD 
ICM7555CN 
ICM75551N ICM7555|IPA 
ICM7555|PA 
ICM7555ITV 
ICM7555MTV 
ICM7556IPD 
ICM7556MJD 


LF351N CA3140E 


LF351P CA3140E 


LF398H (CAN) 


LHO002CH HA2-5002-5 


Wider Operating Voltage Range 


Wider Operating Voltage Range 
Wider Operating Voltage Range 


Wider Operating Supply Range 
Wider Operating Supply Range 
Reduced Ipjas/lio 

Specified at +5V Supply 
Specified at +5V Supply 


Specified at +5V Supply 
_ | Specified at +5V Supply 


Greater Bandwidth/spec. at +5V Supply 
Greater Bandwidth/spec. at +5V Supply 
Reduced Ipjas 

Faster Acquisition 

Faster Acquisition 

Reduced Ipjas/lio 

Reduced Ipyjas/lio 

Reduced Ipjas/lio 

Reduced Ipjas/lio 

Reduced Ipjas/lio 

Reduced Ipjas/lio 

Reduced Ipjas/lio 

Reduced Ipjas 

Reduced Ipjas/lio 

Reduced Ipjas/lio 

Reduced Ipjas/lio 

Faster Acquisition 


Faster Acquisition 


Faster Acquisition 
Faster Acquisition 
Similar ACs 

Reduced Ipjas/lio 
Reduced Ipjas/lio 
Reduced Ipjas/lio 
Reduced Ipjas/lio 
Reduced Ipjas/lio 
Reduced Ipjas/lio 
Reduced Ipjas/lio 
Reduced Ipjas/lio 


Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
No 
No 
No 

f 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

+ Enhanced ACs/DCs/monolithic 


+ Primary Pins are pin-to-pin; secondary/optional pins are not. 
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Commercial Linear Product Cross Reference 


PART NUMBER 
LHOOO2CN 
LHO002H 
LHO022CD 
LH0022CH 
LHO032ACG 
LHO032AG 
LHO032CG 
LHO0032G 
LHO033ACG 
LHO033AG 
LH0033CG 


HARRIS DEVICE 
HA3-5002-5 
HA2-5002-2 
CA3140AE (PDIP) Greater Bandwidth/slew Rate 
CA3140AT Yes Greater Bandwidth/slew Rate 
HA2-2542-S | Yes Monolithic/lower Cost 
HA2-2542-2 Yes Monolithic/lower Cost 
HA2-2542-5 Yes Monolithic/lower Cost 
HA2-2542-2 Yes Monolithic/lower Cost 
HA2-5033-5 
HA2-5033-2 
HA2-5033-5 
LHO033CJ HA3-5033-5 
LHO0033G HA2-5033-2 
LH0042CD CA3140E (PDIP) 
LH0042CH 


PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 
Enhanced ACs/DCs/monolithic 


Enhanced ACs/DCs/monolithic 


So ) 


Greater Bandwidth/monolithiclower Cost 
Monolithic/lower Cost 
Greater Bandwidth/monolithiclower Cost 
Monolithic/lower Cost 


Monolithic/lower Cost 


z 
° 


Greater Bandwidth/slew Rate 
CA3140T Yes Greater Bandwidth/slew Rate 


LM343H 
LM393H 
LM393N 
LM556CN 
LM604ACM 
LM604ACN 
LM604AMJ 
LM604CM 
LM604CN 
LM6118J 
LM6161J 
LM6162M 


HA2-2645-5 Enhanced ACs 
CA3290AT Yes Mosfet Input 
CA3290AE Yes Mosfet Input 
ICM7556IPD Yes CMOS/Reduced Icc 
HA9P2406-5 
HA3-2406-5 
HA1-2400-2 
HA9P2406-5 
HA3-2406-5 
HA7-5222-9 
HA7-2544-2 
HA9P5020-5 Yes Better Specs With Disable 


Enhanced ACs 
Enhanced ACs 
Enhanced ACs 
Enhanced ACs 
Enhanced ACs 
Lower Vig 


Zi al 


<i 2 


z= 


es 


Guaranteed Differential Phase/gain 


LH4161CH Pdip Substitute Is HA3-2544C-5 uo” 
SG ss 
cHaTeN = 8 
LM143H Enhanced ACs 
LM193H Yes Mosfet Input 
LM2901N Yes Mosfet Input 
LM2903N Yes Mosfet Input 
LM3046D Yas 
LM3080N Yes 
LM3086J Yes 
LM3086M Yes 
LM3086N Yes 
LM3146M Yes Enhanced A Version Offered 
LM3146N Yes Enhanced A Version Offered 
LM3302N Yes 
fHARzeeS | 
|CAS290AT 
|CAS290AE 
|ICM7ss6IPD 
[HAGP2406-5 
|HAS-2406-5 
pHAI-2400-2 
|HAgP2406-5 
[HAS-2406-5 
|HA7-5222-9 0 
JHAR2S44-2 
|HASPS5020-5 


+ Primary Pins are pin-to-pin; secondary/optional pins are not. 
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Commercial Linear Product Cross Reference 


PART NUMBER 
LM6162N 
LM6164J 
LM6165J_ 
LM6181AIN 
LM61811N 
LM6182AIN_ 
LM6182IN 
LM6218AJ 
LM6262M 
LM6262N 
LM6262N 
LM6361N 
LM6362M 
LM6362N 
LM6362N 
LM6364N 
LM6365N 
LMC555CH 
LMC555CM 
LMC555CN 
LMC668ACJ 
LMC668ACJ-8 
LMC668ACN 
LS204AT 
LS204CB 
LS204CM 
LS204CT 
LS204T 
LS404CB 
LS404CM 
LS404M 
LT1014AMJ 
LT1014CJ 
LT1014MJ 
LT1022CH 
LT1022MH 
LT1037ACJ8 
LT1037AMJ8 
LT1037CJ8 
LT1037MJ8 
LT1126ACN8 
LT1126AMJ8 
LT1126CJ8 
LT1126CN8 
LT1126MJ8 
LT1190CN8 
LT1190CS8 


HA3-2841-5 Better AC and Video Specs ~ 
HA1-5190-2 | NO Reduced Voltage Noise | 


HA1-2540-2 


Enhanced Slew Rate/Ayo. 


4 


HA3-5020-9 s 


HA5023 IP Ss 


HA5023IP Ss 


EO eee eee Se ie 


HA7-5222-9 S Lower Vio 


HA9P5020-5 _ Ss Better Specs With Disable 


ep r OTTER PAG ASA 2 NL TOOTS, EL RR 


HA3-2841-5 


Ss Better AC and Video Specs 


| Yes Better Specs With Disable © | 


HA3-5020-5 


HA3-2544C-5 : Guaranteed Differential Phase/gain 
~~ [HA9P5020-5. S - 


Better Specs With Disable _ 
Better AC and Video Specs 


ODETTE AMO TR a aE SR 


SAP SN SE AR CTRL EE INT a 


HA3-2841-5 S 


Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 
Y 


HA3-5020-5 5 Better Specs With Disable 


HA1-5195-5 


No Reduced Voltage Noise ; 


HA3-2540C-5 | No | Enhanced Slew Rate/Ayo, 


ICM7555ITV ‘Yes 


Reduced ioc/wider Supply Range 


ICM7555CBA Yes Reduced Ioc/wider Supply Range 
ICM7555|IPA Reduced Icc/wider Supply Range 


SEE TAH) SARE SPONTA NE SOR SM CLT RESO EIT AAT Ca 


ICL7650SIJD 
ICL7650SIJA-1 
ICL7650SIPD 
HA2-5102-2 
HA3-5102-5. 


cS) 
e 
e 
& 
8 
) 
8 
fe 
€ 
} 
e 
e 
e 
ce) 
Ye Enhanced Voyy 
: =a 
e 
2) 
e 
HAQP-5102-5 e Reduced Noise Voltage 
e 
e 
e 
N 
e 
e 
e 
r 
+ 
e 
e 
e 
e 
e 
8 
e 
e 


HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 
¥ 


Enhanced Vout 


| Yes Reduced Noise Voltage — —_ 


¥ 
¥ 
Y 
Y Reduced Noise Voltage | 
\ é 
Y 
¥ 


HA2-5102-2 Reduced Noise Voltage 


HA3-5104-5 b i Reduced Noise Voltage | 


HA9P-5104-5 Reduced Noise Voltage, Wide Body 16 Ld. SOIC 


HA9P-5104-9 fe) Reduced Noise Voltage, Wide Body 16 Ld. SOIC 


HA1-5134A-2 Y Reduced Vio/enhanced ACs 


HA1-5134-5 Y 


Reduced Vio/enhanced ACs 


HA1-5134- Reduced Vio/enhanced ACs 


HA2-5160-5 


HA2-5160-2 a ae Greater Bandwidth/slew Rate 


Greater Bandwidth/slew Rate 
| Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 


e 
HA7-5137A-2 e 
HA7-5137-5 
HA7-5137-2 
HA3-5222-5 
HA7-5222/883 
HA7-5222-5 
HA3-5222-5 
HA7-5222/883 - 
HA3-2841-5 
HA9P2841-5 


Y 


¥ 
¥ 
Y 
Y 
Y 
Ye 
Y 
Y 


HA2-5102-5 Reduced Noise Voltage 


Y 
¥ 


Ss 
Ss 
S 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss Better Video Specs, Lower Power 
s 


Better Video Specs, Lower Power 


+ Primary Pins are pin-to-pin; secondary/optional pins are not. 
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Commercial Linear Product Cross Reference 


LT1192CN8 Better Video Specs, Lower Power 

LT1192CS8 

LT1195CN8 
LT1195CS8 
LT1206CN8 
LT1208CN8 
LT1208CS8 
LT1220CN8 
LT1221CN8 
LT1221MJ8 
LT1222CJ8 
LT1222CN8 


Better Video Specs, Lower Power 
Better Video Specs, Lower Power 
Better Video Specs, Lower Power 
Better AC Specs 

Better Performance 


Better Performance 


Y 

Y 

Y 

| Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 
LT1222MJ8 

LT1223CJ8 Y 

LT1223CN8 Y 

LT1223CS8 Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 

Y 


Enhanced ACs and Video Performance 


Enhanced ACs and Video Performance 


u ” 

Enhanced ACs and Video Performance oO = 

LT1223MJ8 HA7-5020/883 Enhanced ACs and Video Performance zi fo 
o2 

LT1224CN8 HA3-2841-5 Better Video Specifications < oO 
O 


Better Video Specifications 


LT1224MJ8 HA7-2841/883 
LT1225CN8 HA3-2841-5 


Better Video Specifications 
For Gains >5 


For Gains >5 


LT1225CS8 
LT1225MJ8 
LT1226CJ8 
LT1226CN8 
LT1226CS8 


~ 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
+ 
rn 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e For Gains >5 

: For Gains >25 
+ For Gains >25 
+ For Gains >25 
‘ 


For Gains >25 


LT1226MJ8 
LT1227CN8 
LT1227CS8 
LT1227MJ8 
LT1229CN8 
LT1229CS8 
LT1252CN8 
LT1252CS8 
LT1253CN8 
LT1253CS8 
LT1360CN8 
LT1360CN8 


+ Primary Pins are pin-to-pin; secondary/optional pins are not. 


LT1224CS8 HA9P2841-5 
Lower Cost 
- Lower Cost 
Lower Cost 
Better Video and DC Specifications, +5V Only 


Better Video and DC Specifications, +5V Only 


Better Video and DC Specifications 
Better Video and DC Specifications 


¥' 
Better AC and Video Specs 

Better AC and Video Specs 

Better AC and Video Specs 

Better Slew Rate and Video Specs 
Functional Equivalent 


S 
S 
S 
Ss 
S 
iS 
S 
Ss 
S 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss 
Ss 
t 
es 
es 
es 
es 
es 
es 
es 
es 
es 
es 
es 
es 
es 
es 
es Functional Equivalent 
es 
es 
es 
es 


bs 
Y 
¥ 
¥ 
¥ 
¥ 
Y 
Y 
¥ 
¥ 
Y 
¥ 
Y 


VeB VS Crp 


erat 


Commercial Linear Product Cross Reference 


PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 
| Ye 


LT1360CS8 HA9P5020-5 S 


LT1365CS 
LTC1050ACH 
LTC1050ACN8 
LTC1050AMH 
LTC1050CH 
LTC1050CN8 
LTC1050CP 
LTC1050MH 
MAX404CPA 
MAX404CSA 
MAX404EPA 
MAX404ESA 
MAX452CPA 
MAX452CSA 
MAX452EJA 
MAX452EPA 
MAX457CPA 
MAX457CSA 
MAX457EPA 
MAX460IGC 
MAX460MGC 
MAX467CPE 
MAX467CWE 
MC1776CD 
MC1776CG 
MC1776CP1 
MC1776G 
MC3302N 
MC3303D 
MC3303N 
MC33071P 
MC33072P 
MC3346D 
MC3346P 


rere 


HA50251B Yes Vep VS Crp 
ICL7650SITV-1 
ICL7650SIPA-1 
ICL7650SMTV-1 
ICL7650SITV-1 
ICL7650SIPA-1 
ICL7650SIPA-1 
ICL7650SMTV-1 
HA3-2842-5 
HA9P2842-5 
HA3-2842-9 
HA9P2842-5 Better Video Specs, Lower Power 
HA3-2841-5 Yes Lower Power 

HA9P2841-5 Yes Lower Power 

HA3-2841-9 Yes Lower Power 

HA3-2841-9 Yes Lower Power 


HA5023 IP Yes Better Performance, Lower Power 


Reduced lIpjas/lio 
Reduced Ipjas/lio 
Reduced Ipjas/lio 
Reduced Ipjas/lio/greater Ayo 


< 


Reduced Ipjas/lio/greater Ayo. 
Reduced Ipjas/lio 
Reduced Ipjas/ljo/greater Ayo. 


< 
140) 


S 


~< 
© 


Ss Better Video Specs, Lower Power 


~< 
199) 


Ss Better Video Specs, Lower Power 


< 


e 


wn 


“i 
a 
w] w 
aD] D 
NM] Po 
O10 
oO] 2 


i 


HA50231B Yes Better Performance, Lower Power 
HA5023IP Yes Better Performance, Lower Power 
HA2-5033-5 Greater Bandwidth 

HA2-5033-2 Greater Bandwidth 

HA5013IP Yes Better AC Specs, Lower Power 
HA5013/B Yes Better AC Specs, Lower Power 
ICL7611DCBA Yes Lower Power Drain 
ICL7611BCTV Yes Lower Power Drain 
ICL7611BCPA Yes Lower Power Drain 
ICL7611BMTV 
CA3290E 
CA5470M 
CA5470E Femos |nput/enhanced ACs 
CA3140AE Yes Reduced Ipjas/lio 
CA3240AE Yes Reduced Ipjas/lio 
CA3046M Yes Full -55 To 125°C Operation 
CA3046E Yes Full -55 To 125°C Operation 


< 


ms Lower Power Drain 


~< 


e 


n 


Mosfet Input 


es Mos Input/enhanced ACs 


< 


es 


+ Primary Pins are pin-to-pin; secondary/optional pins are not. 
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Commercial Linear Product Cross Reference 


PART NUMBER PIN-TO-PIN 
MC34001BG Yes 
MC34001BP Yes 
MC34001G Yes 
MC34001P Yes 
MC34002BG Yes 
MC34002BP Yes 
MC34002G Yes 
MC34002P Yes 
MC3403D Yes 
MC3403N Yes 
MC34071P Yes 
MC34072P Yes 
MC3456L Yes 
MC3456P Yes 
MC3556L Yes 
MC668ACN-8 Yes 
NE5517AN No 
NE5532AFE Yes 
NE5532AN Yes 
NE5532FE Yes 
NE5532N Yes 
NE5534AFE 
NE556-1N Yes 
NE556N Yes 
OP-15CH Yes 
OP-15GN8 Yes 
OP11AY Yes 
OP11EY Yes 
OP11FY Yes 
OP160GP Yes 
OP215GZ Yes 
OP220CJ Yes 
OP220CZ Yes 
OP220GJ Yes 
OP220GZ Yes 
OP271AZ Yes 


HARRIS ADVANTAGE/COMMENT 
Reduced Ipjas/lio _ 


Reduced Ipyjas/lio 
Reduced Ipjas/lio 
Reduced Ipjas/lio 
Reduced Ipjas/lio 
Reduced Ipjas/lio 
Reduced Ipjas/lio 
Reduced Ipjas/lio 

Mos Input/enhanced ACs 
Mos Input/enhanced ACs 
Reduced Ipjas/lio 
Reduced Ipjas/lio 
CMOS/Reduced Icc 
CMOS/Reduced Icc 
CMOS/Reduced Icc 
Enhanced Vout 


Reduced Vio 
Reduced Vio 
Reduced Vio 
Enhanced Voyt/Reduced Icc 


TABLE OF 
CONTENTS 


Enhanced Voyrt/Reduced Icc 
Enhanced Voyt/Reduced Ioc 
Enhanced Voyrt/Reduced Icc 
Enhanced Vout 

Enhanced Vout 

Enhanced Vout 

Enhanced Vout 

Specified at +15V Supplies 
Specified at +15V Supplies 
Specified at +15V Supplies 
CMOS/Reduced Icc 
CMOS/Reduced Icc 

Reduced Ipjas/lio 

Reduced Ipias/lio 

Enhanced ACs 

Enhanced ACs 

Enhanced ACs 


Enhanced ACs 
Enhanced ACs 
Enhanced ACs 
Enhanced ACs 
Lower Voltage Noise/greater Bandwidth 


< 
7) 


+ Primary Pins are pin-to-pin; secondary/optional pins are not. 
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Commercial Linear Product Cross Reference 


PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT | 
OP271EZ HA7-5102-5 Lower Voltage Noise/greater Bandwidth | 


es 

HA7-5102-5 Yes Lower Voltage Noise/greater Bandwidth 
HA3-5102-5 S 
HA9P-5102-9 
HA7-5127A-2 
HA7-5127A-2 


ag 
oO 


ag 
7) 


Lower Voltage Noise/greater Bandwidth | 
Lower Voltage Noise/greater Bandwidth | 
Enhanced ACs/Reduced Icc 

Enhanced ACs/Reduced Icc 

HA7-5127-2 Yes Enhanced ACs/Reduced Icc | 
HA7-5127-2 Yes Enhanced ACs/Reduced Icc | 
HA7-5127A-5 Yes Enhanced ACs/Reduced Icc | 
HA7-5127A-5 Yes Enhanced ACs/Reduced Icc 

HA7-5127-5 Yes Enhanced ACs/Reduced Icc 

HA7-5127-5 Yes Enhanced ACs/Reduced Icc 

HA7-5137A-2 Yes Enhanced ACs/Reduced Icc 

HA7-5137A-2 Yes Enhanced ACs/Reduced Icc 

HA7-5137-2 Yes Enhanced ACs/Reduced Icc 

HA7-5137-2 Yes Enhanced ACs/Reduced Icc 

HA7-5137A-5 Yes Enhanced ACs/Reduced Icc 

HA7-5137A-5 Enhanced ACs/Reduced Icc 

HA7-5137-5 Enhanced ACs/Reduced Icc 

HA7-5137-5 Enhanced ACs/Reduced Icc 

HA1-5134A-2 
HA1-5134A-5 e 
HA1-5134-5 Yes 
HA1-5144-2 Yes Enhanced ACs | 
HA1-5144-2 Yes Enhanced ACs | 
HA1-5144-5 Yes Enhanced ACs 

HA1-5104-2 Yes 
HA1-5104-5 Yes 
HA1-5104-5 Yes 
HA3-5104-5 Yes 
HA9P5104-5 Yes 
HA9P5104-5 
HA7-5147A-2 
HA2-5147A-2 


e 


ul 


e 


n 


OP27AZ 
OP27CJ8 
OP27CZ 
OP27EJ8 
OP27EZ 
OP27GJ8 
OP27GZ 
OP37AJ8 
OP37AZ 
OP37CJ8 
OP37CZ 
OP37EJ8 
OP37EZ 
OP37GJ8 
OP37GZ 
OP400AY 
OP400EY 
OP400FY 
OP420BY 
OP420CY 
OP420HY 
OP470AY 
OP470EY 
OP470FY 
OP470GP 
OP470GS 
OP470GS 
OP47AD 
OP47AT 


< 


e 


”n 


< 


e 


wn 


S 


Ss 


< 
149) 


140) 


Ss 


< 
7) 


< 


es 


< 


es Greater Bandwidth/min Ac, = 10 
Greater Bandwidth/min Ac, = 10 
OP47CD HA7-5147-2 Greater Bandwidth/min Ac, = 10 
OP47CT HA2-5147-2 Greater Bandwidth/min Ac, = 10 | 
OP47EN HA7-5147A-5 (CDIP) Yes Greater Bandwidth/min Ac, = 10 | 
OP47GN HA7-5147-5 (CDIP) Yes Greater Bandwidth/min Ac, = 10 


OP62AJ HA2-5221-5 
OP62AZ HA7-5221-9 
OP62EJ HA2-5221-5 
OP62EZ HA7-5221-9 
OP62FJ HA2-5221-5 
OP62FZ HA7-5221-9 
OP63AJ HA2-5221-5 
OP63AZ HA7-5221-9 
OP63EJ HA2-5221-5 


es 


< 
Oo 


S 


< 


es 


~< 
140) 


Greater Slew Rate | 
Greater Slew Rate | 
Greater Slew Rate | 
Greater Slew Rate 


Greater Slew Rate 


Of Of O10 
Ul Ul] Uy VU 
POE POT POT PO 
S| SPS) 3 
c. a 
=| 2/92) 2 


Greater Slew Rate 
Reduced Vi¢ 
Reduced Vio¢ 
Reduced Vio 


+ Primary Pins are pin-to-pin; secondary/optional pins are not. 
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Commercial Linear Product Cross Reference 


PART NUMBER PIN-TO-PIN 


HARRIS ADVANTAGE/COMMENT 
Reduced Vi¢ 
Reduced Vi¢ 
Reduced Vi¢ 
Reduced Vi¢ 


Reduced Vio¢ 
Reduced Vio 
Reduced Vi¢ 
Reduced Vig 


OP64AZ HA7-2622-2 
a 


OP64FZ HA7-5221-9 
OP80FJ 


CA5420AT 


OPA121KP 
OPA2111KM 
OPA2111KP 


+ 

at 

' 

x 

' 

zi 
Yes 

t 

a4 

t 

ate 

' 

es 


Reduced Vio¢ 

Single Supply Operation 
Single Supply Operation 
Single Supply Operation 


Mos Input/enhanced ACs 
Greater Bandwidth — 
Greater Bandwidth 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc¢ 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 
Enhanced ACs/Reduced Icc 


Lower Voltage Noise/enhanced ACs 


TABLE OF 
CONTENTS 


OPA37CZ HA7-5137-2 
OPA37EZ HA7-5137A-5 
OPA37GZ HA7-5137-5 


OPA404AG HA1-5114-5 


Lower Voltage Noise/enhanced ACs 


OPA404BG HA1-5114-5 


Lower Voltage Noise/enhanced ACs 


OPA37AZ HA7-5137A-2. 


OPA404KU HA9P5114-5 
OPA404SG HA1-5114-2 


Lower Voltage Noise/enhanced ACs 


Lower Voltage Noise/enhanced ACs 


OPA404KP HA3-5114-5 


OPA633SH HA2-5033-5 


OPA644UB HFA11001B 
OPA648H HFA11001J 
OPA648P HFA1100IP_ Yes 

OPA648U HFA11001B | ; . 


Ye HA SAN START NOESEILES SIN I EERE NSE DOE EE 


Better Video and DC Specifications 


Better Bandwidth 
Better Bandwidth 
Better Bandwidth 
Better Bandwidth 
Better Bandwidth 
Better Bandwidth 


4 y 
Bi 
: Ps 


! 

+ 
| 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
| Yes 

Yes 
Yes 


+ Primary Pins are pin-to-pin: secondary/optional pins are not 
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Commercial Linear Product Cross Reference 


PART NUMBER HARRIS ADVANTAGE/COMMENT 

OPA658P FHFAI1001IP—— {es Harris Is Higher loc 

OPA658PB FHFAI100IP- sf Yes. | Haartis Is Higher Ioc 

OPA658U FHFAI100IB— | Yes. | Haartis Is Higher Ioc 

OPA658U FHFA1105IB_ [Ves Harris Is Lower AC 

OPA658UB FHFAN100IB_— | Yes. Harris Is Higher Ioc 

OPA658UB FHFAI105IB_ Yrs Harris ls Lower ACs 

RC3403AN fcas470E = sE Yes. ~—_«| Mos Input/enhanced ACs 

RC4741D FHAI-4741-2 | Yes Guaranteed ACs 


SE5532AFE 
SE5534AFE 


SHC5320KH 
SHC5320SH 


+ Primary Pins are pin-to-pin; secondary/optional pins are not. 
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No 
No 
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es 
es 
Yes 
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SE5534FE HA7-5101-2 Lt Reduced Ipjas/lio 


Guaranteed ACs 

Enhanced Voyrt/Reduced Icc 
Enhanced Voyrt/Reduced Ioc 
Enhanced Voyrt/Reduced Icc 
Enhanced Voyt/Reduced Icc 
Reduced Icc 

Reduced Icc 

Reduced Icc 

Reduced Icc 

Reduced Icc 

Reduced Icc¢ 

Reduced Icc 

Reduced Icc 

CMOS/Reduced Ioc 
CMOS/Reduced Icc 

Reduced Icc 

Reduced Icc 

Reduced Ipjas/lio 


Specified at +15V Supplies 
CMOS/Reduced Ioc 
CMOS/Reduced Icc 
CMOS/Reduced Icc 
Reduced V)o/enhanced ACs 
Reduced Vio/enhanced ACs 


Greater Bandwidth/Reduced Noise 


Identical Specs at 25°C 
Identical Specs at 25°C 


Enhanced ACs 
Enhanced ACs 
Guaranteed Acquisition Time 
Guaranteed Acquisition Time 
Almost Identical 


Almost Identical 


Commercial Linear Product Cross Reference 


PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 
SL3045C-DG CA3045F 


SL3046C-DP CA3046E 


|CASO4GE 
SL3127C-DC 
SL3127C-DP 
SL3145C-DC 
SL3145C-DP 


SL3245-MP , CA3246M 
SMP10AY HA1-2420-2 
SMP10BY HA1-2420-2 


SMP10EY HA1-2425-5 
SMP10FY HA1-2425-5 


Vout Version Available 


Greater Breakdown Voltages 
Greater Breakdown Voltages 
Greater Breakdown Voltages 
Greater Breakdown Voltages 
Programmable Biasing Current 
Faster Acquisition/lower Droop 
Faster Acquisition/lower Droop 
Faster Acquisition/lower Droop 
Faster Acquisition/lower Droop 
Faster Acquisition/lower Droop 


Faster Acquisition/lower Droop 


Faster Acquisition/lower Droop 


TABLE OF 
CONTENTS 


SP2-2520-2 HA2-2520-2 
SP2-2522-2 HA2-2522-2 


Substitute HA2-2529-2 
Substitute HA2-2529-2 
Substitute HA2-2529-5 


SP3-2542-5 HA3B2842-5 


Substitute HA3-2529-5 


Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
f 
A 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


+ Primary Pins are pin-to-pin; secondary/optiona! pins are not. 
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Commercial Linear Product Cross Reference 


PART NUMBER PIN-TO-PIN 


SP7-2525-5 HA7-2525-5 
SP7-2600-2 HA7-2600-2 
SP7-2602-2 HA7-2602-2 


TA75559P HA3-5112-5 

TDB2046DP 
TDB2046FP 
TLCO252ACD 
TLCO252ACP 
TLC272ACD 
TLCO272ACP 
TLC272AID CA5260AM 

TLC272MJG ~ Yes 


Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
No 
Yes 
No 
Yes 
Yes 


e 
e 


e 


Yes 
Yes 
Yes 

No 

No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


e 
e 
e 
e€ 
e€ 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 
e 


TLC274CD CA5470M Yes 
TLOQ74CN CA5470E “T Yes.” 


EADIE ID SR DSO, ARIS RT EIS Re TS ee ONDE a PE A ER a ETS 


+ Primary Pins are pin-to-pin; secondary/optional pins are not. 


HARRIS ADVANTAGE/COMMENT 


Substitute HA7-2529-2 
Substitute HA7-2529-2 
Substitute HA7-2529-5 


Reduced Ipjas/lio/Icc 

Greater Bandwidth/Reduced Vnoise 
Greater Bandwidth/Reduced Vnoise 
Greater Bandwidth/Reduced Vnoise 
Greater Bandwidth/Reduced Vnoise 
Greater VCBO With CA3146 
Greater VCBO With CA3146 
Greater VCBO With CA3146 
Greater VCBO With CA3146 

Alt. Product Is CA3083 

Alt. Product Is CA3083 

Full -55 To 125°C Operation 

Full -55 To 125°C Operation 
Specified at +5V Supply 

Specified at +5V Supply 

Specified at +5V Supply 

Specified at +5V Supply 

Specified at +5V Supply 

Specified at +5V Supply 


Greater Voyt Range/Reduced Icc 
Greater Vout Range/Reduced loc 
Greater Vout Range/Reduced Icc 
Greater Voyt Range/Reduced Icc 
Greater Voyt Range/Reduced Icc 
Greater Voyt Range/Reduced Icc 
Greater Voyt Range/Reduced Icc 


Greater Voyt Range/Reduced Icc 
Greater Vout Range/Reduced Icc 
Greater Vout/bandwidth/slew Rate 


Greater Voyt/bandwidth/slew Rate 


ee 


Commercial Linear Product Cross Reference 


PART NUMBER HARRIS DEVICE PIN-TO-PIN HARRIS ADVANTAGE/COMMENT 
TLC2741D CA5470M Greater Voyt/bandwidth/slew Rate 
Ye 


TLC274IN CA5470E Ss Greater Voyt/bandwidth/slew Rate 
TLC274MJ CA5470E (PDIP) 
TLC27M2ACD CA5260AM 
TLC27M2ACP CA5260AE 
TLC27M2AID CA5260AM 
TLC27M2AIP CAS5260AE Greater Voyt/bandwidth/slew Rate 
TLC27M2CD CA5260M Yes Greater Voyt/bandwidth/slew Rate 
TLC27M2CP CA5260E Yes Greater Voyt/bandwidth/slew Rate 
TLC27M2ID CA5260M Yes Greater Voyt/bandwidth/slew Rate 
TLC27M2lP ‘| CA5260E Yes Greater Voyt/bandwidth/slew Rate 
TLC27M2MJG CA5260E (PDIP) Yes Greater Voyt/bandwidth/slew Rate 
TLC555CD ICM7555CBA Yes Reduced Icc 

TLC5551P ICM7555|IPA Yes Reduced Icc 

TLCS556CN ICM7556IPD Yes Reduced Icc 

TLCS5S6IN ICM7556IPD Yes Reduced Icc 

TLCS556MJ ICM7556MJD Yes Reduced Icc 

TP1321 HA-5195 

TP1322 HA-2520 

TP1326 HA-2600 

TP1332 HA-2645 

TP1339 HA-2620 

TP1341 HA-2840 

TP1342 HA-2839 

TP1344 HA-5160 

TP1345 HA-5162 

TP4856 HA1-2420/25 
TP4866 HA1-5320 
TSC7650ACPA ICL7650SCPA-1 
TSC7650ACPD ICL7650SCPD 
TSC7650AIJA ICL7650SIJA-1 
TSC7650AIJD ICL7650SIJD 
UCOPO1CN CA3140AE 
UCOP01GJ CA3140AE (PDIP) 
ULN2046A-1 CA3146E 
ULN2046L-1 CA3146M 
ULN2083A CA3083 
ULN2083A-1 CA3183E 
ULN2083L CA3083M 
ULN2086A CA3086 
XR-13600AP CA3280AE Reduced V\o/enhanced ACs 
XR-13600CP CA3280E Reduced Vio/enhanced ACs 
XR-2242CP ICM7242IPA Yes Greatly Reduced Icc 
XR-3403CP CA5470E 
XR-4739CN HA7-5102-5 
XR-4739CP HA3-5102-5 
XR-4741CN HA1-4741-5 


< 


e 


” 


Greater Voyt/bandwidth/slew Rate 


e Greater Voyt/bandwidth/slew Rate 


~< 
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S Greater Voyt/bandwidth/slew Rate 


S Greater Voyt/bandwidth/slew Rate 
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Reduced Tempco/voltage Noise 
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Mosfet Input 
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Full -55 To 125°C Operation 
Full -40 To 85°C Operation 
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Full -55 To 125°C Operation 


<|< 
Oo} @O 
nO1Tn 


< 
14) 
”n 


Ziz i 
1 | 


Mos Input/enhanced ACs 
Enhanced ACs/DCs 
Enhanced ACs/DCs 
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+ Primary Pins are pin-to-pin; secondary/optional pins are not. 


Commercial Linear Product Cross Reference 


a 


uPC4741C HA3-4741-5 
uPC4741G2 HA9P4741-9 


uPD5555C ICM7555CPA 
ICM7556CPD 


uPD5556C 


+ Primary Pins are pin-to-pin; secondary/optional pins are not. 
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Data Acquisition Products 


A/D CONVERTERS DISPLAY 
CA3162/CA3162A A/D Converter for 3'/5-Digit Display 
ICL71CO3/ICL8052_~—— Precision 4'/5-Digit A/D Converter 
ICL71CO3/ICL8068 Precision 4'/5-Digit A/D Converter 


ICL7106 31'/5-Digit LCD Single-Chip A/D Converter 

ICL7107 3'/5-Digit LED Single-Chip A/D Converter 
ICL7116/7117 3'/o-Digit with Display Hold Single-Chip A/D Converter 
ICL7126 31/5-Digit Low Power Single-Chip A/D Converter 
ICL7129 41'/5-Digit LCD Single-Chip A/D Converter 

ICL7136 3'/5-Digit LCD Low Power A/D Converter 

CLs Lay 31'/5-Digit LED Low Power Single-Chip A/D Converter 
ICL7139 33/4-Digit Autoranging Multimeter 

ICL7149 Low Cost 3°/4-Digit Autoranging Multimeter 


A/D CONVERTERS INTEGRATING 
ICL7104/ICL8052 14/16-Bit uP-Compatible 2-Chip A/D Converter 
ICL7104/ICL8068 14/16-Bit uP-Compatible 2-Chip A/D Converter 


TABLE OF 
CONTENTS 


ICL7109 12-Bit uP-Compatible A/D Converter 

ICL7135 41/5-Digit BCD Output A/D Converter 

A/D SUCCESSIVE APPROXIMATION 

ADC0802/3/4 8-Bit uP-Compatible A/D Converter 

CA3310/CA3310A = CMOS 10-Bit A/D Converter with Internal Track and Hold 

HI-574A Fast, Complete 12-Bit A/D Converter with Microprocessor Interface 
HI5812 Low Power, Sampling 12-Bit A/D Converter 

HI-674A l2us, Complete 12-Bit A/D Converter with Microprocessor Interface 
HI-774 8us Complete 12-Bit A/D Converter with Microprocessor Interface 
A/D CONVERTERS FLASH 

HI3304 4-Bit 25 MSPS A/D Converter 

H11826 6-Bit 140 MSPS A/D Converter 

HI1866 6-Bit 140 MSPS A/D Converter 

HI3306 6-Bit 15 MSPS A/D Converter 

HI-5701 6-Bit 30 MSPS A/D Converter 

HI3318 8-Bit 15 MSPS A/D Converter 

H11386 8-Bit 75 MSPS A/D Converter 

H11396 8-Bit 125 MSPS A/D Converter 

HI1166 8-Bit 250 MSPS A/D Converter 

HI1276 8-Bit 500 MSPS A/D Converter 

D/A CONVERTERS 

AD7520 10/12-Bit Multiplying DIA Converter 

AD7521 10/12-Bit Multiplying DIA Converter 

AD7530 10/12-Bit Multiplying DIA Converter 
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AD7531 
AD7523 
AD7533 
AD7541 
AD7545 


HI-DAC80V 
HI-DAC85V 


Data Acquisition Products 


10/12-Bit Multiplying D1A Converter 

8-Bit Multiplying D/A Converter 

10-Bit Multiplying D/A Converter 

12-Bit Multiplying D/A Converter 

12-Bit Buffered Multiplying CMOS DAC 
12-Bit, Low Cost, Monolithic D/A Converter 
12-Bit, Low Cost, Monolithic D/A Converter 


D/A CONVERTERS HIGH SPEED 


H12304 
H11106 
HI1260 
HI20206 
H11171 
H11178 
HI1177 
H1I3338 
H1I20203 
H|I3050 
H|2307 


Triple 8-Bit 2OMHz D/A Converter 
8-Bit 35MHz D/A Converter 

Triple 8-Bit 35MHz D/A Converter 
Triple 8-Bit 35MHz D/A Converter 
8-Bit 40MHz CMOS D/A Converter 
Triple 8-Bit 40MHz D/A Converter 
Dual 8-Bit 40MHz D/A Converter 
8-Bit 50MHz D/A Converter 

8-Bit 160MHz D/A Converter 

Triple 10-Bit SOMHz D/A Converter — 
Triple 10-Bit 50MHz D/A Converter 


ANALOG SWITCHES 


DG181 
DG182 
DG184 
DG185 
DG187 
DG188 
DG190 
DG191 
DG200 
DG201A 
DG202 
DG211 
DG212 
DG300A 
DG301A 
DG302A 
DG303A 
DG308A 
DG309 


DG401/403/405 
DG411/412/413 
DG441/442 


HI-200 
HI-201 


Dual SPST (30Q) Switch 

Dual SPST (75Q) Switch 

Dual DPST (30) Switch 

Dual DPST (75Q) Switch 

SPST (30Q) Switch 

SPST (75Q) Switch 

Dual SPST (30Q) Switch 

Dual SPST (75Q) Switch 

Dual SPST CMOS Analog Switch 

Quad Monolithic SPST CMOS Analog Switch 
Quad Monolithic SPST CMOS Analog Switch 
Quad Monolithic SPST CMOS Analog Switch 
Quad Monolithic SPST CMOS Analog Switch 
Dual SPST TTL Compatible CMOS Analog Switch 
SPDT TTL Compatible CMOS Analog Switch 
Dual DPST TTL Compatible CMOS Analog Switch 
Dual SPDT TTL Compatible CMOS Analog Switch 
Quad Monolithic SPST CMOS Analog Switch 
Quad Monolithic SPST CMOS Analog Switch 
Dual CMOS Analog Switches 

Quad SPST CMOS Analog Switches 

Quad SPST CMOS Analog Switches 

Dual SPST CMOS Analog Switch 

Quad SPST CMOS Analog Switch 
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HI-201HS 


H|-222 
HI-300 
HI-301 
HI-302 
HI-303 
HI-304 
HI-305 
HI-306 
HI-307 
HI-381 
HI-384 
H|-387 
HI-390 
HI-5040 
HI-5041 
H|-5042 
H1-5043 
HI-5044 
HI-5045 
HI-5046 


HI-5046A 


HI-5047 


HI-5047A 


HI-5048 
HI-5049 
HI-5050 
HI-5051 
IH401A 
IH5040 
IH5041 
IH5042 
IH5043 
IH5044 
IH5045 
IH5046 
IH5047 
IH5052 
IH5053 
IH5140 
IH5141 
IH5142 
IH5143 
1H5144 
IH5145 


Data Acquisition Products 


High-Speed Quad SPST CMOS Analog Switch 
High Frequency Video Switch 
Dual SPST CMOS Analog Switch 
SPDT CMOS Analog Switch 

Dual DPST CMOS Analog Switch 
Dual SPDT CMOS Analog Switch 
Dual SPST CMOS Analog Switch 
SPDT CMOS Analog Switch 

Dual DPST CMOS Analog Switch 
Dual SPDT CMOS Analog Switch 
Dual SPST CMOS Analog Switch 
Dual DPST CMOS Analog Switch 
SPDT CMOS Analog Switch 

Dual SPDT CMOS Analog Switch 
SPST CMOS Analog Switch 

Dual SPST CMOS Analog Switch 
SPDT CMOS Analog Switch 

Dual SPDT CMOS Analog Switch 
DPST CMOS Analog Switch 

Dual DPST CMOS Analog Switch 
DPDT CMOS Analog Switch 


_ DPDT CMOS Analog Switch 


4PST CMOS Analog Switch 

4PST CMOS Analog Switch 

Dual SPST CMOS Analog Switch 

Dual DPST CMOS Analog Switch 

SPDT CMOS Analog Switch 

Dual SPDT CMOS Analog Switch 

Quad Varafet Analog Switch 

SPST 75 Ohm High-Level CMOS Analog Switch 

Dual SPST 75 Ohm High-Level CMOS Analog Switch 
SPDT 75 Ohm High-Level CMOS Analog Switch 

Dual SPDT 75 Ohm High-Level CMOS Analog Switch 
DPST 75 Ohm High-Level CMOS Analog Switch 
Dual DPST 75 Ohm High-Level CMOS Analog Switch 
DPDT 75 Ohm High-Level CMOS Analog Switch 
4PST 75 Ohm High-Level CMOS Analog Switch 
Quad SPST CMOS Analog Switch 

Quad SPST CMOS Analog Switch 

SPST High-Level CMOS Analog Switch 

Dual SPST High-Level CMOS Analog Switch 

SPDT High-Level CMOS Analog Switch 

Dual SPDT High-Level CMOS Analog Switch 

DPST High-Level CMOS Analog Switch 

Dual DPST High-Level CMOS Analog Switch 
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Data Acquisition Products 


IH5148 Dual SPST High-Level CMOS Analog Switch 

IH5149 Dual DPST High-Level CMOS Analog Switch 

IH5150 SPDT High-Level CMOS Analog Switch 

IH5151 Dual SPDT High-Level CMOS Analog Switch 

IH5341 Dual SPST CMOS RF/Video Switch 

IH5352 Quad SPST CMOS RF/Video Switch 

MULTIPLEXERS 

DG406/407 16-Channel/Dual 8-Channel CMOS Analog Multiplexer 

DG408/409 Single 8-Channel/Differential 4-Channel CMOS Analog Multiplexers 

DG506A 16-Channel/Dual 8-Channel CMOS Analog Multiplexer 

DG507A 16-Channel/Dual 8-Channel CMOS Analog Multiplexer 

DG508A ~ 8-Channel/Dual 4-Channel CMOS Analog Multiplexer 

DG509A 8-Channel/Dual 4-Channel CMOS Analog Multiplexer 

DG526 16-Channel/Dual 8-Channel CMOS Latchable Multiplexer 

DG527 16-Channel/Dual 8-Channel CMOS Latchable Multiplexer 

DG528 8-Channel/Dual 4-Channel Latchable Multiplexer 

DG529 8-Channel/Dual 4-Channel Latchable Multiplexer 

HI-1818A/1828A Low Resistance Single 8/Differential 4-Channel CMOS Analog Multiplexers 

HI-506 Single 16/Differential 8-Channel CMOS Analog Multiplexer 

HI-507 Single 16/Differential 8-Channel CMOS Analog Multiplexer 

HI-506A Single 16/Differential 8-Channel CMOS Analog Multiplexer with Active Overvoltage Protection 
HI-507A Single 16/Differential 8-Channel CMOS Analog Multiplexer with Active Overvoltage Protection 
HI-508 Single 8/Differential 4-Channel CMOS Analog Multiplexer 

HI-509 Single 8/Differential 4-Channel CMOS Analog Multiplexer 

HI-508A Single 8/Differential 4-Channel CMOS Analog Multiplexer with Active Overvoltage Protection 
HI-509A Single 8/Differential 4-Channel CMOS Analog Multiplexer with Active Overvoltage Protection 
HI-516 16-Channel/Differential 8-Channel CMOS High-Speed Analog Multiplexer 

HI-518 8-Channel/Differential 4-Channel CMOS High-Speed Analog Mulitplexer 

H|-524 4-Channel Wideband and Video Multiplexer 

HI-539 Monolithic, 4-Channel, Low Level, Differential Multiplexer 

HI-546 Single 16/Differential 8-Channel CMOS Analog Mulitplexer with Active Overvoltage Protection 
HI-547 Single 16/Differential 8-Channel CMOS Analog Mulitplexer with Active Overvoltage Protection 
H|-548 Single 8/Differential 4-Channel CMOS Analog Multiplexer with Active Overvoltage Protection 
H|-549 Single 8/Differential 4-Channel CMOS Analog Multiplexer with Active Overvoltage Protection 
IH6108 8-Channel CMOS Analog Multiplexer 

IH6208 4-Channel Differential CMOS Analog Multiplexer 


DISPLAY DRIVERS 


CA3161 

CA3168 

ICM7211 
ICM7212 
ICM7218 
ICM7228 
ICM7231 


BCD to Seven Segment Decoder/Driver 

2-Digit BCD to Seven Segment Decoder/Driver 
4-Digit LCD/LED Display Driver 

4-Digit LCD/LED Display Driver 

8-Digit LED Multiplexed Display Driver 

8-Digit LED Multiplexed Display Driver 
Numeric/Alphanumeric Triplexed LCD Display Driver 
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Data Acquisition Products 


ICM7232 Numeric/Alphanumeric Triplexed LCD Display Driver 
ICM7243 8-Character uP-Compatible LED Display Driver 
REAL-TIME CLOCK 
ICM7170 uP-Compatible Real-Time Clock . 
COUNTERS WITH DISPLAY DRIVERS/TIMEBASE GENERATORS 
ICM7207/A CMOS Timebase Generator 
ICM7208 7-Digit LED Display Counter 
ICM7209 Timebase Generator 
ICM7213 One Second/One Minute Timebase Generator 
ICM7216A/B/D 8-Digit Multi-Function Frequency Counter/Timer 
ICM7217 4-Digit LED Display Programmable Up/Down Counter 
ICM7224 4"/o-Digit LCD/LED Display Counter 
ICM7226A/B 8-Digit Multi-Function Frequency Counter/Timer 
ICM7249 5'/5-Digit LCD u-Power Event/Hour Meter 
u ” 
SPECIAL PURPOSE o5& 
AD590 2-Wire Current Output Temperature Transducer Z| S 
ICL8069 Low Voltage Reference < © 
DATA COMMUNICATIONS 
ICL232 +5 Volt Powered Dual RS-232 Transmitter/Receiver 
HIN200 +5 Volt 5T/OR Powered Dual RS-232 Transmitter/Receiver 
HIN201 +5 Volt 2T/2R Powered Dual RS-232 Transmitter/Receiver 
HIN202 +5 Volt 2T/2R Powered Dual RS-232 Transmitter/Receiver 
HIN204 +5 Volt 4T/0R Powered Dual RS-232 Transmitter/Receiver 
HIN206 +5 Volt 4T/3R Powered Dual RS-232 Transmitter/Receiver 
HIN207 +5 Volt 5T/3R Powered Dual RS-232 Transmitter/Receiver 
HIN208 +5 Volt 4T/4R Powered Dual RS-232 Transmitter/Receiver 
HIN209 +5 Volt 3T/5R Powered Dual RS-232 Transmitter/Receiver 
HIN211 +5 Volt 4T/4R Powered Dual RS-232 Transmitter/Receiver 
HIN213 +5 Volt 4T/5R Powered Dual RS-232 Transmitter/Receiver 
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HMA510 


HSP43124 
HSP43168 
HSP43216 
HSP43220 
HSP43881 
HSP43891 


HSP48901 
HSP48908 


HSP45102 
HSP45106 
HSP45116 


HSP45240 
HSP45256 
HSP48410 
HSP9501 


HSP-EVAL 


HSP50016 
HSP50110 
HSP50210 


HSP50306 
HSP50307 


HSP50214 
HSP50215 
NOTES: 


MULTIPLIERS 


HMU16/HMU17 


HSP45116A 
HSP45116-DB 


SPECIAL FUNCTION 


HSP9520/952 1 


HSP50110/210EVAL 


HSP50307EVAL 


1. New Product Offerings 
2. New Product Offerings In Short Term Road Map 


FOR MORE INFORMATION CONTACT YOUR LOCAL SALES OFFICE OR DISTRIBUTOR 


Digital Signal Processing Products 


16 x 16-Bit CMOS Parallel Multiplier Accumulator 
16 x 16-Bit CMOS Parallel Multipliers 


ONE DIMENSIONAL FILTERS 
DECI * MATE 


Harris HSP43220 Decimating Digital Filter Development Software 
Serial |/O Filter 

Dual FIR Filter 

Half Band Filter 

Decimating Digital Filter 

Digital Filter 

Digital Filter 


TWO DIMENSIONAL FILTERS 


3 x 3 Image Filter 
Two Dimensional Convolver 


SIGNAL SYNTHESIZERS 


12-Bit Numerically Controlled Oscillator 
16-Bit Numerically Controlled Oscillator 
Numerically Controlled Oscillator/Modulator 
Numerically Controlled Oscillator/Modulator 
HSP45116 Evaluation Daughter Board 


Address Sequencer 

Binary Correlator 
Histogrammer/Accumulating Buffer 
Programmable Data Buffer 

Binary Correlator 

DSP Evaluation Platform 


COMMUNICATIONS 


Digital Down Converter 

Digital Quadrature Tuner 

Digital Costas Loop 

Demo Chipset Evaluation Board 

QPSK Demodulator (Note 1) 

Burst QPSK Modulator (Note 1) 

Burst QPSK Modulator Evaluation Board 
Programmable Downconverter (Note 1) 
Programmable Upconverter (Note 2) 


2-42 


OPERATIONAL AMPLIFIERS 


PAGE 
Te I. ont. cee nd eek 8 0450 ORR EEO Oe HOG Re PRESS 7bSN OR A9 5 bd. DERE T OSE 4.000 Ss bas ON EES E RE ERS 3-4 
OPERATIONAL AMPLIFIER DATA SHEETS 
CA124, CA224, CA324, Quad, 1MHz, Operational Amplifiers for Commercial, Industrial, and Military Applications ..... 3-17 
LM324, LM2902 
CA158, CA158A, Dual, 1MHz, Operational Amplifiers for Commercial Industrial, and Military Applications. ...... 3-22 a w 
CA258, CA258A, z iT 
CA358, CA358A, = = 
CA2904, qt 3 
LM358, LM2904 oS 
a 
CA741, CA741C, Single and Dual, High Gain Operational Amplifiers Oo < 
CA1458, for Military, Industrial and Commercial ADpICaIIONS . «2c. so scsc ene eave esawe senkneeeessowseen 3-29 
CA1558, LM741, 
LM741C, LM1458 
CA3020, CA3020A 8MHz Power Amps For Military, Industrial and Commercial Equipment ..................-0 ee eee 3-34 
CA3060 110kHz, Operational Transconductance Amplifier Array.............. 0.00. c eee eee eee 3-35 
CA3078, CA3078A exhiz, Micropower Operational AMpINGE!...20%sscn0scerre anes seen eee ens ewes sane wenn 3-36 
CA3080, CA3080A 2MHz, Operational Transconductance Amplifier (OTA) ............ 2... eee eee ee eee 3-45 
CA3094, CA3094A, 30MHz, High Output Current Operational Transconductance Amplifier (OTA)............... 3-56 
CA3094B 
CA3100 Ooeirit, SICMANGIA FUMIE xix 5 hes ea REO deed E ATOR S REE KAD ORE DRED HTTE DOD OO 3-57 
CA3130, CA3130A 15MHz, BiMOS Operational Amplifier with MOSFET Input/CMOS Output.................. 3-64 
CA3140, CA3140A 4.5MHz, BiMOS Operational Amplifier with MOSFET Input/Bipolar Output ................. 3-79 
CA3160, CA3160A 4MHz, BiMOS Operational Amplifier with MOSFET Input/CMOS Output................... 3-98 
CA3193, CA3193A 1.2MHz, BiCMOS Precision Operational Amplifiers ......... 0.0.00... ee eee eee eee 3-114 
CA3240, CA3240A Dual, 4.5MHz, BiMOS Operational Amplifier with MOSFET Input/Bipolar Output ............ 3-115 
CA3260, CA3260A 4MHz, BiMOS Operational Amplifier with MOSFET Input/CMOS Output................... 3-129 
CA3280, CA3280A Dual, 9MHz, Operational Transconductance Amplifier (OTA)............... 0c cece ee eee 3-132 
CA3420, CA3420A 0.5MHz, Low Supply Voltage, Low Input Current BIMOS Operational Amplifiers............. 3-141 
CA3440, CA3440A 63kHz, Nanopower, BiMOS Operational Amplifiers ......... 00... eee eee 3-142 
CA3450 220MHz, Video Line Driver, High Speed Operational Amplifier ......................008. 3-143 
CA5130, CA5130A 15MHz, BiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output .... 3-144 
CA5160, CA5160A 4MHz, BiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output ..... 3-145 
CA5260, CA5260A 3MHz, BiMOS Microprocessor Operational Amplifiers with MOSFET Input/CMOS Output ........ 3-146 
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CA5420, CA5420A 
CA5470 


HA-2400, HA-2404, 
HA-2405 


HA-2406 
HA-2444 


HA-2500, HA-2502, 
HA-2505 


HA-2510, HA-2512, 
HA-2515 


HA-2520, HA-2522, 
HA-2525 


HA-2529 
HA-2539 
HA-2540 
HA-2541 
HA-2542 
HA-2544 
HA-2548 


HA-2600, HA-2602, 
HA-2605 


HA-2620, HA-2622, 
HA-2625 


HA-2640, HA-2645 
HA-2839 

HA-2840 

HA-2841 

HA-2842 

HA-2850 

HA-4741 

HA-5002 

HA-5004 

HA5013 

HA-5020 

HA5022 

HA5023 

HA5024 

HA5025 

HA-5033 

HA-5101, HA-5111 


Operational Amplifiers (continuea) 


0.5MHz, Low Supply Voltage, Low Input Current BIMOS Operational Amplifiers............. 3-150. 


Quad, 14MHz, Microprocessor BiIMOS-E Operational Amplifier with MOSFET Input/Bipolar Output. 3-156 
40MHz, PRAM Four Channel Programmable Amplifiers.......... 0... 0... e ee eee eee eee 3-161 
30MHz, Digitally Selectable Four Channel Operational Amplifier......................05. 3-167 
50MHz, Selectable, Four Channel Video Operational Amplifier............... 0.0. e eee 3-173, 
12MHz, High Input Impedance, Operational Amplifiers. ........... 0... eee eee eee eee 3-174 
12MHz, High Input Impedance, Operational Amplifiers. ............. 0.00.0. eee eee 3-181 | 
20MHz, High Slew Rate, Uncompensated, High Input Impedance, Operational Amplifiers ..... 3-188 
20MHz, High Input Impedance, High Slew Rate Operational Amplifier..................... 3-196 
600MHz, Very High Slew Rate Operational Amplifier........... 2.0.0... cc eee eee eee 3-197 | 
400MHz, Fast Settling Operational Amplifier................ 0... 0. ce ee eee eee 3-205 | 
40M, Fast Settling, Unity Gain Stable, Operational Amplifier......................005. S213 | 
7OMHz, High Slew Rate, High Output Current Operational Amplifier...................... 9.200 | 
SOMMzZ, Video Operauonal AMPUNE!, cavscceces cone k Fee sK ORT FONE N EON eo ETD ROW WOE 3-233. 
150MHz, High Slew Rate, Precision Operational Amplifier......................2220000- 3-244 
12MHz, High Input Impedance Operational Amplifiers .......... 0.0.0... e eee eee 3-245 © 
100MHz, High Input Impedance, Very Wideband, Uncompensated Operational Amplifiers... . . 3-252 
4Mkz, High Supply Voltage Operational Amplifiers ..........0..0.0. 0.00. eee ee eee 3-259 
600MHz, Very High Slew Rate Operational Amplifier.............. 0.0.00 eee eee eee 3-265 
600MHz, Very High Slew Rate Operational Amplifier............ 0.0... e eee eee eee eee 3-266 | 
50M#z, Fast Settling, Unity Gain Stable, Video Operational Amplifier..................... 3-273 
80MHz, High Slew Rate, High Output Current, Video Operational Amplifier ................ 3-281 
470MHz, Low Power, High Slew Rate Operational Amplifier .............. 0.0. c eee eee eee 3-290 
Quad, 3.5MHz, Operational Amplifier... .....0.ccanseraseaeesdeadesevaaaebeeineeeias 3-291 
110MHz, High Slew Rate, High Output Current Buffer. ......... 0.0... cece ee ees 3-297 © 
100MHz Current Feedback Amplifier ... 0... cee ee em teens eawannsatvessanewuns 3-305 
Triple, 125MHz Video Amplifier.......... 20.0000... ccc eee tenet eee eee eee 3-306 
100MHz Current Feedback Video Amplifier With Disable................ 0.0.00 c eee eee 3-320 | 
Dual, 125MHz, Video Current Feedback Amplifier with Disable......................005. 3-340 
Dual 125MHz Video Current Feedback Amplifier... 1.4. .020s 000065 e0as0ssseeansonen ce 3-356 
Quad 125MHz Video Current Feedback Amplifier with Disable ....................000005 3-370 
Quad, 125MHz Video Current Feedback Amplifier...............0. 0c cece ee eee eee eee 3-386 
Doom e Vile Bel obs coed oho e hs Bonde ad Ek SS OHNE Ye UE Ee HER SORES ERLE SE ROA HS 3-399 
10MHz and 100MHz, Low Noise. Operational Amplifiers ............... 000 eee ee eee ee 3-408 


Operational Amplifiers (Continued) 


HA-5102, HA-5104, Dual and Quad, 8MHz and 60MHz, Low Noise Operational Amplifiers .................... 3-419 
HA-5112, HA-5114 
HA-5127, HA-5127A 8.5MHz, Ultra-Low Noise Precision Operational Amplifier ............... 0.0.0 cece wees 3-432 
HA-5130, HA-5135 2.5MHz, Precision Operational Amplifiers...........0.0 0.0... ee eee eens 3-441 
HA-5134 4M#z, Precision, Quad Operational Amplifier........ 0.0.0.0... 000 cc cece eee eee ee eee 3-450 
HA-5137, HA-5137A 63MHz, Ultra-Low Noise Precision Operational Amplifier................. 00. cee eee eee ee 3-458 
HA-5142, HA-5144 Dual/Quad, 400kHz, Ultra-Low Power Operational Amplifiers ...................000 eee 3-466 
HA-5147, HA-5147A 120MHz, Ultra-Low Noise Precision Operational Amplifiers.................. 00000 e eee 3-474 
HA-5160, HA-5162 100MHz, JFET Input, High Slew Rate, Uncompensated, Operational Amplifiers............. 3-482 
HA-5170 8MHz, Precision, JFET Input Operational Amplifier ..........0...00 000 cc cece eee 3-489 
HA-5177 2MHz, Ultra-Low Offset Voltage Operational Amplifier........... 0.0.0... cece eee eee 3-497 
HA-5190, HA-5195 150MHz, Fast Settling Operational AIMpHhere. .cccaccescnevevneddd ene eared ee ewamaws we 3-498 
HA-5221, HA-5222 100MHz, Single and Dual Low Noise, Precision Operational Amplifiers.................... 3-506 
HFA1100, HFA1120 850MHz, Low Distortion Current Feedback Operational Amplifiers ....................05. 3-518 
HFA1102 600MHz Current Feedback Amplifier with Compensation Pin............ 0.0 c eee eee eee ee 3-528 
HFA1103 200MHz, Video Op Amp with High Speed Sync Stripper ............. 2... eee ee eee ee eee 3-533 
HFA1105 330MHz, Low Power, Current Feedback Video Operational Amplifier..................... 3-539 
HFA1106 315MHz, Low Power, Video Operational Amplifier with Compensation Pin ................. 3-550 
HFA1109, HFA1149 550MHz, Low Power, Current Feedback Operational Amplifiers ...................0 00a 3-564 
HFA1110 750MHz, Low Distortion Unity Gain, Closed Loop Buffer ............. 00... ce eee eee eee ee 3-565 
HFA1112 850MHz, Low Distortion Programmable Gain Buffer Amplifier.......................---- 3-573 
HFA1113 850MHz, Low Distortion, Output Limiting, Programmable Gain, Buffer Amplifier............. 3-585 
HFA1114 SsUMHz Video Cable Dnvitit) BUNGE csccccn cece cerned nenen ind sek aS ames Oe ROMER Ree ED 3-600 
HFA1115 225MHz, Low Power, Output Limiting, Closed Loop Buffer Amplifier...................... 3-605 
HFA1118, HFA1119 = 500MHz Programmable Gain Video Buffers with Output Limiting and Output Disable......... 3-611 
HFA1130 850MHz, Output Limiting, Low Distortion Current Feedback Operational Amplifier ........... 3-612 
HFA1135 360MHz, Low Power, Video Operational Amplifier with Output Limiting.................... 3-623 
HFA1145 330MHz, Low Power, Current Feedback Video Operational Amplifier with Output Disable... .. 3-628 
HFA1205 Dual, 400MHz, Low Power, Video Operational Amplifier ............ 0.0... 00. cee eee eee 3-640 
HFA1212 Dual 350MHz, Low Power Closed Loop Buffer Amplifier ............. 00.0000 02 e ee eee eee 3-647 
HFA1245 Dual, 530MHz, Low Power, Video Operational Amplifier with Disable ..................... 3-657 
HFA1405 Quad, 560MHz, Low Power, Video Operational Amplifier............. 0.00.00... eee eee 3-663 
HFA1412 Quad, 350MHz, Low Power, Programmable Gain Buffer Amplifier.....................0.. 3-676 
ICL7611, ICL7612 1.4MHz, Low Power CMOS Operational Amplifiers ............ 0.0... cece ee eee eee 3-689 
ICL7621, ICL7641, Dual/Quad, Low Power CMOS Operational Amplifiers............. 0.0.0... ee eee eee eee 3-700 
ICL7642 
ICL7650S 2MHz, Super Chopper-Stabilized Operational Amplifier........... 0.0.0... cece eee eee eee 3-711 
Operational Ampiniers Glossaly OF TEINS «o.45044 665504 Gece PEFR se N eee TRE eH REET TELE ORR EMR ORME ES 3-721 
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AMPLIFIERS 
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WIDEBAND: Min/Max Limits at 25°C, Unless Otherwise Specified | 


SUPPLY 
CURRENT 
(mA/OP 
AMP) 


MINIMUM 
STABLE 


CMRR | PSRR 
(dB) (dB) 


BUFFERS 


HFA1112 


20 
25 

50000 
15 35000 


Pace] 
a 
ae 


DUAL BUFFERS 


rate | | we | i ee | ee | ld 


QUAD BUFFERS 


UAE 
Hee | Oe | | ee | ee] ie 


SINGLE OP AMPS 


HFA1100 2300 500 40000 | 
(Note 1) 

HFA1120 2300 40000 
he 1) 

HFA1130 2300 500 40000 
(Note 1) 


HA-2839 10.0 625 = 14500 
im Niall 
bed 


i) 
ld 
ro) 


HA-2840 10.0 625 14500 


TBD 500 
(Note 1) 

TBD 500 
(Note 1) 


HA-2850 470 14500 


w 
£ 
io) 
=i ae ee 
io) oO;T oO] oO 


HA-2850 | 
HA-2540 400 | 6.0 | 400 20000 
500 
(Note 1) 
500 
(Note 1) 
170 500 
(Note 1) 
HFA1106 700 500 
(Note 1) hee 
HA-5147 | 140 pot | 


NOTE: Bold type designates a new product from Harris. 
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WIDEBAND: Min/Max Limits at 25°C, Unless Otherwise Specified (Continued) 


SUPPLY 


MINIMUM 
STABLE 


CURRENT 
(mA/OP 
AMP) 


DEVICE 


HA-2620 35 100 : 4.0 4g 
(Note 2) 


10.0 


(oe) 
N 


- : 
ron) 


HA-2625 


HA-5111 50 120 10 3.0 200 
(Note 2) 


i) oo ) 
or On 
z 
(ga 
| & 
on 
° 
nD 
E 


100 
100 
100 
100 
100 
HA-2842C pe 
| 80 


HA-5160 120 97 10 3.0 0.05 10.0 
(Note 2) 
HA-5162 70 88 10 12.0 
(Note 2) 
HA-5221 | 066 | 35 106 1 11.0 an 
7 a zo 
hasaad Mead Mise Hall Tall F* a: 
—_r 
UNGIE z) oe —_ - 


DUAL OP AMPS 


475 1000 


11.0 


475 1000 
(Note 1) 


N 
on 


TRIPLE OP AMPS | 


475 3500 8000 
(Note 1) 


QUAD OP AMPS 


HA-5114 


b 
ba | 
ui 

| = 
om 

mal 
a) 
a) 


NOTE: Bold type designates a new product from Harris. 
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WIDEBAND: Min/Max Limits at 25°C, Unless Otherwise Specified (Continued) 


SUPPLY 
MINIMUM CURRENT 
STABLE (mA/OP 
DEVICE 


HA-2400 


HA. 2404 


HA-2405 


NOTES: 
1. Azot applies to current feedback amplifiers only (HA-5004, HA-502X, HFA11XX, HFA12XX, HFA14XX). 
2. Product features an external compensation pin to limit bandwidth for noise reduction or to allow unity gain operation. 


HIGH SLEW RATE: Min/Max Limits at 25°C, Unless Otherwise Specified 


SUPPLY 
MINIMUM | OFFSET CURRENT 
STABLE | VOLTAGE | CURRENT| CMRR | PSRR | (mA/OP 
DEVICE GAIN (mV) (dB) (dB) AMP) 


BUFFERS 


HFAt 112 25.0 35000 
HFA1113 7 25.0 35000 


HA4600 1700 
HFA1110 
HA-5002 


DUAL BUFFERS 


pbrwiaia | too | wo fe | = fete] oe | too | = | | 


QUAD BUFFERS 


praia | too | 2 | ae | ee] | oo |e 


SINGLE OP AMPS 


HFA1100 2300 500 

(Note 1 
HFA1120 2300 

(Note 1 
HFA1130 2300 

(Note 1 


(Note 1) 


A-2842C 


NOTE: Bold type designates product trom Harris. 
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HIGH SLEW RATE: Min/Max Limits at 25°C, Unless Otherwise Specified (Continued) 


SUPPLY 
CURRENT 
(mA/OP 


MINIMUM 
STABLE 


HA-2522 


HA-5160 


oll 
(Note 1) 
m=TeT= [=e Tee 
roe 
(Note 1) 
fwmzaco [eas [ooo | 100 | #6 | | 20 | woo | me | v= | 10 
waza [cas | oo | woo | ee | vo | 20 | veo | 7m | 7s | 150 
jwaasse [ooo | soo [es | | | vo | eo | o | eo | m0 
[wazsio | woo [soo [eo | eo | vo | oo | eooco | oo | wo | eso 
[wazaiz | woo [eo | so |e | 2 | 0 | wooo | oo | 7 | 160 
pee EP TT fof PT 
(Note 2) 
Ce 
nas [a [| a0 [wo [120 | exon [J] woo | | |B 
Twasieo | 200 | veo | es | = | s | 50 | woo | ~ | w | ao || |8a 
fwasies | _eoo | iso [6s | = | 6 | eo | veo | rm | 7 | mo | | |#S 
fwazsea_[vs0_| so _[ 42 | | 1 | v0 | woo |v | 7 | vo | | |° 
a a a ee 
== PTL [ste w]e pe 
(Note 2) 
ia a wpe 
( ) 


10.0 
15.0 
10.0 
10.0 
3.0 
DUAL OP AMPS 


cc 


TRIPLE OP AMPS 


475 3500 8000 
(Note 1) 


— 
S 3 
Comal 
o Oo 
. © 
= 
o 
© 


NOTE: Bold type designates a new product from Harris. 
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= 


HIGH SLEW RATE: Min/Max Limits at 25°C, Uniess Otherwise Specified (Continued) 


SUPPLY 
MINIMUM CURRENT 
STABLE (mA/OP 


NOTES: 
1. Azo. applies to current feedback amplifiers only (HA-5004, HA-502X, HFA11XX, HFA12XX, HFA14XX). 
2. Product features an external compensation pin to limit bandwidth for noise reduction or to allow unity gain operation. 


VIDEO: Typical Values at 25°C, Unless Otherwise Specified 


SUPPLY 


0.1dB SUPPLY 


DIF. pir. | FLAT SLEW | OUTPUT | VOLTAGE | CURRENT 
GAIN | PHASE | GAIN | GBWP | RATE | CURRENT] RANGE | (mA/OP 
DEVICE FEATURES (%) (DEG) | (MHz) | (MHz) | (V/us) | (mA) AMP) 


BUFFERS 
HA4600 


4 
; u 


Video Buffer w/Output Disable 
HFA1110 +1, Std. Buffer Pinout 0.02 
-1, +1, +2 (Selectable) Standard >100 | 85 | 
Op Amp Pinout, Voyrt Limits 
-1, +1, +2 (Selectable) 
Summing Node Pinout 
DUAL BUFFERS | 
SINGLE OP AMPS 
HFA1149 Ay 2 1, CFB, Programmable 
Output Disable 
Ay 2 1, Low Icc, CFB | 002 | 003 | 50 | 350 | 1000 | 60 [45-55 | 59 


HFA1112 -1, +1, +2 (Selectable) Standard 0.02 0.04 >100 850 
Op Amp Pinout 
: 0 
HFA1115 -1, +1, +2 (Selectable) Standard 0.02 0.03 >50 225 1100 4.5-5.5 5.9 
Op Amp Pinout, Voyrt Limits 
0 
HA-5002 | +1, Std. Buffer Pinout 
QUAD BUFFERS 
HFA1109 Ay > 1, CFB, Wideband 
Ay 2 1, Low Icc, CFB, 
Output Disable 


Ay 2 1, Low Icc, CFB, 
Programmable Output Limiting 


NOTE: Bold type designates anew product from Harris. 
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VIDEO: Typical Values at 25°C, Unless Otherwise Specified (Continued) 


SUPPLY | SUPPLY 
SLEW | OUTPUT | VOLTAGE | CURRENT 
(mA/OP 
AMP) 


DEVICE FEATURES 


HFA1105 with Compensation 
Pin for Bandwidth Limiting 


io) 


~~ 
= 
= a 
N 
— 

| 

eo 

oO 


0.02 0.03 >1 


kL a ve Oe ie 
> =] >| > 
ine) ae or} P 
fo) ak oO} @ 
ASS Ww wpe]. 
4 oO © | M 


Ay 2 2, Cable Driver 


(Current Feedback) 
Output Limiting 
DUAL OP AMPS 


HFA1245_ | Ay > 1, Low Icc, CFB, 
Output Disable 


Ay = 1, Low Icc, CFB 
Ay = 1, CFB, Output Disable 


= 
V 
=a 
2) 
Ti 
ow 


TRIPLE OP AMPS 


asa [wenere «dt om Toms | mo | ms [ws] mo [ew] 
QUAD OP AMPS 

ravios [y=ttowiccor® | om | 00s | reo | wo [>] oo [esse] 9 
jastae [ay=1.CF8 Oupueave | ome | 00s | 20 | vas | as | a | ase | 75 
asmas[wencrs | om | oo | | ms | ws | mo | ssw] 75 


NOTES: 
1. Single Supply Range. 


AMPLIFIERS 


OPERATIONAL 


LOW NOISE: Min/Max Limits at 25°C, Unless Otherwise Specified 


NOISE NOISE 
VOLTAGE | CURRENT MINIMUM | OFFSET BIAS SUPPLY 
4kHz (TYP) | 1kHz (TYP) STABLE | VOLTAGE | CURRENT | CURRENT 
DEVICE (nVA/Hz) (pANHz) (nA) (mA/OP AMP) 


SINGLE OP AMPS 


HA-5127A 
HA-5137A 


3 
3 


HA-5020 


NOTE: Bold type designates a new product from Harris. 
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LOW NOISE: Min/Max Limits at 25°C, Unless Otherwise Specified (Continued) 


NOISE NOISE 


VOLTAGE CURRENT MINIMUM OFFSET BIAS SUPPLY 
1kHz (TYP) | 1kHz (TYP) STABLE VOLTAGE | CURRENT | CURRENT 
DEVICE (nV/VHz) (pA/VHz) | GAIN (mV) (mA/OP AMP) 


HFA1105 


(Note 1) me pm pt pe 
: 700 1 

(Note 1) (Note 2) 

(Note 1) oe pm] tp 


a) 
on 


NO ie) 
oa a 


HA-2539 
HA-2540 


(Note 1) 
HA-2839 | 600 625 . 
HA-2840 | 600 625 14500 
600 


400 


pes 
oO 
oO 


HA-5170 10.0 


HA-2542 


0.01 


=k =e =i = 
nd 
fo) 


10.0 


nd or 
° ° 
° 
oo 
nn 
) 

z= 

) 

- 

© 

= 


DUAL OP AMPS 

HFA1205 2.0 1275 | 
(Note 1) 

HFA1245 20 
(Note 1) | 
2.5 475 8000 
(Note 1) (Note 1) 
2.5 475 
(Note 1) 


QUAD OP AMPS 


nm] nm} 
orf on on m2) 
2 
os 
mall 
o Oo 
1. oO 


~) 
DN) 
oe 
ro) 


~ 
on 


>1000 


HA-5134 


NOTES: 
1. +Input. These are current feedback amplifiers, so value for -Input will be larger. 


50 


T= | (Note 1) | | hal ie 
2.5 475 8000 
(Note 1) (Note 1) 
2.5 475 8000 mi 
(Note 1) (Note 1) | 


N 
(o>) 
wa 
oO 
Be 
io) 
—_— 
-) 


2. Product features an external compensation pin to limit bandwidth for additional noise reduction or to allow unity gain operation. 


NOTE: Bold type designates a new product from Harris. 
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GENERAL PURPOSE: Typical Values at 25°C, Unless Otherwise Specified 


SUPPLY | SUPPLY 
VOLTAGE | CURRENT 
RANGE | (mA/OP 
(+V) AMP) 


or [8 


MINIMUM 
STABLE 
GAIN 


OFFSET 
VOLTAGE | CURRENT 
(mV) 


GBWP 
(MHz) 


DEVICE DESCRIPTION 
SINGLE OP AMPS 


HA-2544 
CA3100 


Ultra-Stable, High Performance 50 150 


Wideband Amplifier 


io) 
jee) 
~ 


i 
oO 


0 


foe) 
oO 


“SI 
on 


(=) 
— 


ae 
a 

a . 

ro) 


CA3080 Operational Transconductance 


CA741 
LM741 
HA-2520 


Low Cost, Mil/Com Temp 


— 
- . 


—w 


Low Cost, Mil/Com Temp 


Uncompensated 20 120 


(Note 1) 


0.125 10-20 


ye) 


HA-5137A 0 


HA-2620 


Low Noise, Precision 


[Uitra‘Stable, High Performance | __ 1 | 50 | 180_| 
[Wideband Amplifier | ot | 8 | 
CA3130A_ | BiIMOS, CMOS Output, Output 1 15 30 2: 5.0pA 2.5-8 
Strobe 
HA-2500 Wideband, High Slew Rate, 1 7 30 2 10-20 
High Input Impedance 
HA-2510 Wideband, High Slew Rate, 1 12 4 10-20 
High Input Impedance 
HA-2600 Wideband, Compensated, High 1 12 7 0 0.001 4-22.5 
Input Impedance 
HA-5127A | Low Noise, Precision, 1 8.5 10 0.01 0.01 5-22 : 
Compensated 
Fe 
CA3160A_ | BiMOS, CMOS Output, Output 1 4 10 5.0pA 2.5-8 We 
Strobe oO * 
Baas 
a ee 
a ee 
ha 


F 


0 
2 
2 
0 
5 
0 


Wideband, Uncompensated, 100 


High Input Impedance (Note 1) 
Wideband, Fast Settling 


Tao 


. 
. 


Oo 


200 
35 


HA-5195 
HA-5147A 


5 


12-17.5 


Low Noise, Precision, 10 140 


Wideband 


1 
- ae 
Ball bell 
8 
2 


oi, 
i=) 


HA-5111 Low Noise, High Performance, 


Uncompensated (Note 1) 


> 
= 
ne} 
oO 

—_ 

on 

ro) 

on 
EE 


DUAL 


4 
; 4 
CA3280A_ | Operational Transconductance 125 a 2 


2 
4 
4 
3 
4 
3 
1 
3 
2 
1 
1 
4 
3 
3 
3 
Amp 
HA-5102 Low Noise, High Performance 1 
CA3240A_ | BiMOS, High Input Impedance 


CA3260A_ | BiMOS, CMOS Output, High 
Input Impedance 


0 
0 
0 0 
0 0 
, 0 
0 0 
5 
9 
2 
0 
= 0 
7 
. 0 
5 
0 
5 
0 
1 0 
5 
‘ 0 


E 


0 
0 
2 
10 2 
2 


on 


CA5260A_ | Mil Temp Version of CA3260A 
CA158A Wide Supply Range, Mil Temp 
CA1558 Low Cost, Mil Temp Range 


NOTE: Bold type designates a new product from Harris. 


7 
1 
1 
y 
0 
ay 
8 


0.25 1 


E 


0 4 

0 

0 : 

Re) 

5 

1 

0 

0 

4 8 
0 
0 

3) : 

2 0 : 
5 8 
) 

0 

0 

0 J 

0 

0 2 :; 


1 
1 
5 | 
1 
1 
1 
1 


aN 
oO 


1 


=_s 
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Selection Guide 


GENERAL PURPOSE: Typical Values at 25°C, Unless Otherwise Specified (Continued) 


DEVICE DESCRIPTION 


LM358 Wide Supply Range, Low Cost 
LM2904 Wide Supply Range, Ind. Temp 1 


HA-5112 Low Noise, High Performance, 
Uncompensated 


OFFSET 
VOLTAGE 
(mV) 


2.0 


MINIMUM 
STABLE 
GAIN 


0.5 
0.5 2.0 
20 


0.5 


0.5 
20 


_ 
2) 


QUAD 


Supply Range, Mil Temp 


HA-5114 Low Noise, High Performance, 10 
Uncompensated 
LM2902 Low Cost, Ind. Temp 1 


NOTE: 
1. Can be compensated to unity gain. 


ial 
> 


5.0 


Ww 


0.5 
0.5 2.0 
5 1.6 


20 


0.5 


Oo 
or 


2.0 


f o 
on 


PRECISION: Min/Max Limits at 25°C, Unless Otherwise Specified 


OFFSET 
VOLTAGE CMRR | PSRR 
DEVICE (mV) (dB) (dB) 


SINGLE OP AMPS 


ICL7650S | 0.005 120 120 2.0 
HA-5127A| 0.025 | 0.20 | 400 | 350 | 114 108 8.5 
HA-5130 0.025 110 25 
DUAL OP AMPS 


~ 
on 


HA-5137A 
HA-5147A 
HA-5135 
HA-5137 
HA-5147 
HA-5170 


—* 
oO 
oO 


2.0 
2.0 
2.0 

0 


2 


Oo 


— 
oO 


5 


NOTE: Bold type designates a new product from Harris. 
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63.0 
120.0 


63.0 
120.0 


100.0 


100.0 


CURRENT 


0.05 
0.08 
0.05 
0.13 


1.0pA 


0.13 
0.045 


0.13 


0.04 
0.05 


2.5 
10.0 


20.0 
35.0 


20.0 
35.0 


35.0 


35.0 

0.5 
3.0 
20.0 
0.16 


SUPPLY | SUPPLY 
VOLTAGE | CURRENT 
RANGE | (mA/OP 

(+V) AMP) 


ce 
os a 
ace 


= 


1.5-8 
3-20 


Pass | oe 


(dB) 


rc 
es [oe 


0 

0 
a 
Pasi | 02 
2 


it 
Le? 
iF 
1.5 
ze) 
1,25 
0.2 
oO 
0.2 
0.2 


SUPPLY 
CURRENT 
(mA/OP 
AMP) 
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PRECISION: Min/Max Limits at 25°C, Unless Otherwise Specified (Continued) 


SLEW SUPPLY 
OFFSET RATE CURRENT 
VOLTAGE CMRR | PSRR (TYP) (mA/OP 
DEVICE (mV) (dB) (dB) (V/us) 


QUAD OP AMPS 


jez) 


0.5 
3.0 
3.0 


N 


HA-5104 


CA124 


HA-5144 


CA224 
CA324 
CA2902 


0.2 
2.5 
2.5 
5.0 
6.0 
7.0 
7.0 
7.0 


SUPPLY 
CM RANGE AT CURRENT 
NOMINAL SUPPLIES (mA/OP 
(V) (dB) | (dB) AMP) 


OPERATIONAL 
AMPLIFIERS 


on 


-10.0 to +10.0 at +15, -15 

0.03 0.3 -10.0 to +10.0 at +15, -15 
DUAL OP AMPS 

QUAD OP AMPS 

| 

-3.7 to +3.7 at +5, -5 7 
} 

HA-5134 


NOTE: Bold type designates a new product from Harris. 


—h 
N ee N 
no 


io) 


o 


ba | 


ep) NIT NI NI ON 
ol [ops ep) on 


NIT NT NTE NITN ~~ 
fon mon mon mon imo) Oo 
j|— _ — aié — 
o1 uo alo}lo 


=a} O}=-[a 
o1Ss| alo 


—_ 
oO 
Oo 


N oO 
rn Nel Boa 
ro) wn} o 


3-13 


Selection Guide 


5V SINGLE-SUPPLY: Min/Max Limits at 25°C, Unless Otherwise Specified 


OUTPUT 
SHORT 
CIRCUIT 
CURRENT 
SUPPLY GAIN MINIMUM | (TYP) (mA) 
CURRENT INPUT DOES INPUT BANDWIDTH SINGLE | SOURCE = + 
(TYP) OFFSET INPUT RAIL-TO- BIAS PRODUCT SUPPLY SINK = - 
(mA/OP VOLTAGE | INCLUDE RAIL | CURRENT (TYP) VOLTAGE | SUPPLY AT 
DEVICE AMP) (mV) GROUND? | OUTPUT? (nA) (MHz) (V) 5V, OV 
SINGLE OP AMPS 
CA3078A 0.025 3.5 No 12 1.5 0.5 15 +12.0, -12.0 
(Note 1) 
CA3078 0.13 4.5 No 170 1.5 1,8 +12.0, -12.0 
(Note 1) 
CA3130A 0.30 5 Yes Yes 0.03 15 10 5.0 +3.2, -2.2 
(Note 1) 
CA3130 0.30 15 Yes Yes 0.05 15 10 5.0 +3.2, -2.2 
(Note 1) 
CA3160A 0.30 5 Yes Yes 0.03 4 10 5.0 +3.2, -2.2 
(Note 1) 
CA3160 0.30 15 Yes Yes 0.05 4 10 5.0 +3.2, -2.2 
(Note 1) 
CA3140A 1.60 5 Yes No 0.04 af 4.0 +10.0, -1.0 
(Note 1) 
CA3140 1.60 15 Yes 0.05 a7 +10.0, -1.0 
(Note 1) 


DUAL OP AMPS 


a= 
So 
fo) 
fo) 
oO 


ICL7621A 0.10 2 No Yes 0.05 0.5 0.16 2.0 +12.5, -0.4 
(Note 1) 
ICL7621D 0.10 15 Yes 0.05 0.5 0.16 2.0 +12.5, -0.4 
(Note 1) 
CA3260A 5 Yes Yes 0.03 4 10 4.0 +3.2, -2.2 
(Note 1) 
CA3260 15 Yes Yes 0.05 4 10 4.0 +3.2, -2.2 
(Note 1) 


NOTE: Bold type designates a new product from Harris. 
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5V SINGLE-SUPPLY: Min/Max Limits at 25°C, Unless Otherwise Specified (Continued) 


OUTPUT 
SHORT 
CIRCUIT 
CURRENT 
SUPPLY GAIN MINIMUM | (TYP) (mA) 
CURRENT | INPUT DOES INPUT | BANDWIDTH SINGLE | SOURCE = + 
(TYP) OFFSET INPUT |RAIL-TO-| BIAS PRODUCT SUPPLY SINK = - 
(mA/OP | VOLTAGE | INCLUDE | RAIL | CURRENT (TYP) VOLTAGE | SUPPLY AT 
DEVICE AMP) (mV) 21 (nA) (MHz) 
CA3240A 5 
(Note 1) 
CA3240 15 No 
(Note 1) 
QUAD OP AMPS 
ICL7642E 
CA124 +40, -20 
=| 
ICL7641C 1.00 10 No = wn 
(Note 1) oR 
ICL7641E 1.00 20 No EE * 
(Note 1) co 
WS 


NOTES: 
1. Limits are for single 5V operation if data is available in datasheet. 


2. Supply Current for single 5V supply, if specified in datasheet. 


LOW POWER: Min/Max Limits at 25°C, Unless Otherwise Specified (Note 1) 


OUTPUT 
SHORT 
CIRCUIT 
CURRENT 
SUPPLY | SUPPLY | SLEW CM RANGE AT OUTPUT | (TYP) (mA) 
CURRENT | VOLTAGE | RATE | GBWP NOMINAL VOLTAGE | SOURCE = 
SUPPLY SWING 
DEVICE (V/us) | (MHz) (V) 


SINGLE OP AMPS 


xsore [ovo [ors7of is | 00 | swvsaves | ssi | seo | es | roo | 70 
faswe [ ov [ses] is] ov | oomoano [sano] waae] oo | o [7 
jerreaia | oz [080 |ore] os [azwaeass| 40 |usoce] 20 | oo | 0 


NOTE: Bold type designates a new product from Harris. 
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LOW POWER: Min/Max Limits at 25°C, Unless Otherwise Specified (Note 1) (Continued) 


OUTPUT 
SHORT 
CIRCUIT 
CURRENT 
CM RANGE AT OUTPUT | (TYP) (mA) 
NOMINAL VOLTAGE | SOURCE = 
SUPPLY SWING + 
DEVICE (V) (V) SINK = - 


CA2904 1.5-13.0 1.0 |-15to+13.5 at+15, -15|+13.5, -15.0| +40.0, -20 
CA258 1.5-16.0 1.0 |-15to+13.5 at+15, -151+13.5, -15.0] +40.0, -20 
CA358 1.5-16.0 1.0 |-15to+13.5 at +15, -15]+13.5, -15.0] +40.0, -20 


CA158 1.5-16.0 1.0 |-15to+13.5at4+15, -15|+13.5, -15.0] +40.0, -20 
CA358A 1.5-16.0 1.0 |-15to+13.5at4+15, -15|+13.5, -15.0] +40.0, -20 


CA3260A 2.0-8.0 4 Oto+10at+15,-0 | +14.99, | +22.0, -20 
+0.01 


CA5260A 2.25-8.0 3.0 | -0to+2.5at+5,-0 |+4.99, +0.01] +2.2, -2.0 
-4.4 to +4.4 at +5, -5 +10, -0.08 10.0 


QUAD OP AMPS 


-15t0+13.5 at+15,-15] +13.5,-15 | +40.0, -20 
ICL7641 15-990 | 16] 1.4 | -3.7to+3.7 at 45, -5 +25, -7.0 
NOTE: 


1. See “CM Range” column for the Nominal Supply Voltage at which these specifications apply. 


-0 to +3 at +5, -0 +3.8,4+1.0 | +4.5, -4.5 


-15 to +13.5 at +15, -15] +13.5,-15 | +40.0, -20 


-15 to +13.5 at+15,-15] +13.5,-15 | +40.0, -20 


5.0 
7.0 
7.0 
10.0 


NOTE: Bold type designates a new product from Harris. 


HarRRis CA124, CA224, CA324, 
sousenceneven LM324, LM2902 


Quad, 1MHz, Operational Amplifiers for 


November 1996 Commercial, Industrial, and Military Applications 

Features Description 

¢ Operation from Single or Dual Supplies The CA124, CA224, CA324, LM324, and LM2902 consist of 

; ; ; four independent, high-gain operational amplifiers on a 

¢ Unity-Gain Bandwidth ................. 1MHz(Typ) — single monolithic substrate. An on-chip capacitor in each of 

¢ DC Voltage Gain...............0000e. 100dB (Typ) the amplifiers provides frequency compensation for unity 

gain. These devices are designed specially to operate from 

¢ Input Bias Current............--+-eee- 45nA(Typ) either single or dual supplies, and the differential voltage 


2mvV (Typ) range is equal to the power-supply voltage. Low power drain 


¢ Input Offset Voltage................0085 
and an input common-mode voltage range from OV to V+ 


e Input Offset Current -1.5V (single-supply operation) make these devices suitable 
- CA224, CA324, LM324,LM2902............ 5nA (Typ) ‘or battery operation. 
© CRISS oc ccareue ra cenenee nha 8 8 Bw Bie 3nA (Typ) 


Ordering Information 


¢ Replacement for Industry Types 124, 224, 324 PART 

a NUMBER TEMP. 

Applications (BRAND) | RANGE (°C) PACKAGE 

+ Summing Amplifiers CADRE 


CA0124M -55 to125 |14Ld SOIC M14.15 
(124) 

CA0124M96 -55 to 125 |14Ld SOIC Tape and Reel | M14.15 
(124) 


CA0224E -40to85 |14Ld PDIP E143 
CA0224M -40to85 |14LdSOIC M14.15 
(224) 

CA0224M96 | -40to85 | 14Ld SOIC Tape and Reel | M14.15 
(224) 


e Multivibrators 


e Oscillators 


OPERATIONAL 
AMPLIFIERS 


¢ Transducer Amplifiers 


¢ DC Gain Blocks 


Pinout 
CA124, CA224, CA324, LM2902 (PDIP, SOIC) 
LM324 (PDIP) CA0324E 0 to 70 14 Ld PDIP E14.3 
TOP VIEW CA0324M 0 to 70 14 Ld SOIC M14.15 
(324) 
OUTPUT 1 | 1 | /14] OUTPUT 4 CA0324M96 | Oto70 | 14Ld SOIC Tape and Reel | M14.15 
(324) 
NEG. NEG. 
INPUT 1 INPUT 4 LM324N 0 to 70 14 Ld PDIP E14.3 
We ex LM2902N 40to85 |14Ld PDIP 
LM2902M -40 to85 |14LdSOIC M14.15 
Ve 14} v- (2902) 
POS. POS. LM2902M96 -40 to85 |14Ld SOIC Tape and Reel | M14.15 
INPUT 2 INPUT 3 (2902) 
NEG. NEG. 
INPUT 2 INPUT 3 
OUTPUT 2 |g | OUTPUT 3 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 796.3 
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CA124, CA224, CA324, LM324, LM2902 


Absolute Maximum Ratings Thermal Information 
SUPHIY VOHAGE . «sn ccsacsaveceirrnsbianerasis 32V or+16V ‘Thermal Resistance (Typical, Note 3) 854 (°C/W) 
Differential (NDUt VONAGS: 2cccccacwraweneeneeseaaxvagas e 32V PDIP Pachage). o.0 cs oevcurvewesdx raves oe 100 
WE Fain bs coe ncencdeeeds van Gres see tees -0.3V to 32V SOIC Package... 0.0.0... cece cece eee eee ees 175 
Input Current (V); < -0.3V, Note 1)... ...----..2nsseeesens SOMA Maximum Junction Temperature (Die) .................. 175°C 
Output Short Circuit Duration (V+ < 15V, Note 2)...... Continuous = Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Operating Conditions Maximum Lead Temperature (Soldering 10s)............. 300°C 


Temperature Range (SOIC - Lead Tips Only) 


Oe 4 ed anes dacereaween ne Seer asesees -55°C to 125°C 
CAZES, LINZOOS as eeat cee kde Rede eee as ewe -40°C to 85°C 
Gat MES +0 oe ae ny es ad hed Keddw Ree eS 0°C to 70°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied 


NOTES: 

1. This input current will only exist when the voltage at any of the input leads is driven negative. This current is due to the collector base junction of 
the input p-n-p transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also lateral 
n-p-n parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the amplifiers to go to the V+ voltage level 
(or to ground for a large overdrive) for the time duration that an input is driven negative. This transistor action is not destructive and normal output 
states will re-establish when the input voltage, which was negative, again returns to a value greater than -0.3V. 


2. The maximum output current is approximately 40mA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause 
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc- 
tion of the device. 


3. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage V+ = 5V, V- = OV, 
Unless Otherwise Specified 


CA124 CA224, CA324, LM324 LM2902 
TEST , 


PARAMETER CONDITIONS TYP 


NITS 


Input Offset 
Voltage (Note 6) 


Average Input 
Offset Voltage 


< 


uV/°C 


Drift 


Differential Input Full 
Voltage (Note 5) 


Input Common 
Mode Voltage 
Range (Note 5) 
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Common Mode |DC 25 70 
Rejection Ratio 

Power Supply DC 20 65 100 
Rejection Ratio 


Input Bias 
Current (Note 4) 
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CA124, CA224, CA324, LM324, LM2902 


Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage V+ = 5V, V- = OV, 
Unless Otherwise Specified (Continued) 


CA124 CA224, CA324, LM324 LM2902 
TEST TEMP. 
mcmeren | conte _|'h [wn [vr Tan | ow [nr [wn [or [er [nt | 


Ry 2 2kQ, V+ = 15V 100 

(For Large Vo Swing) 

Ry 2 2kQ, V+ = 15V Full 
(For Large Vo Swing) 

Ry = 2kQ, V+ = 30V 


A, =2K0, Ve = 26V 
R, = 10kQ, V+ = 30V 


R, = 10kQ 
Vit = +1V, V)- = OV, 
V+ = 15V 
Vit = 1V, Vir = 0, Full 
V+= 15V 


Large Signal 
Voltage Gain 


< 
+ 

i 
on 


Output Source 
Current 


Vi+ = OV, Vir = 1V, 
V+=15V 

Vi+ = OV, V;-=1V, 
Vo = 200mV 


V,-=1V, Vit =0, Full 
V+ = 15V 
f = 1 to 20kHz 
(Input Referred) 
NOTES: 


4. Due to the PNP input stage the direction of the input current is out of the IC. No loading change exists on the input lines because the 
current is essentially constant, independent of the state of the output. 


5. The input signal voltage and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range is V+ - 1.5V, but either or both inputs can go to +32V without damage. 


6. Vo = 1.4V, Rg = 02 with V+ from 5V to 30V, and over the full input common mode voltage range (OV to V+ - 1.5V). 


-12 -120 


Crosstalk 


Total Supply 
Current 


ce i a 
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OPERATIONAL 


AMPLIFIERS 


CA124, CA224, CA324, LM324, LM2902 


’ 


Schematic Diagram (One of Four Operational Amplifiers) 


OPEN-LOOP VOLTAGE GAIN (dB) 


OUTPUT VOLTAGE (mV) 


FREQUENCY (Hz) TIME (us) 


FIGURE 1. OPEN LOOP FREQUENCY RESPONSE FIGURE 2. VOLTAGE FOLLOWER PULSE RESPONSE (SMALL 
SIGNAL) 
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FIGURE 3. VOLTAGE FOLLOWER PULSE RESPONSE (LARGE SIGNAL) 
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CA124, CA224, CA324, LM324, LM2902 


Typical Performance Curves (Continued) 
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FIGURE 8. INPUT CURRENT vs SUPPLY VOLTAGE FIGURE 9. VOLTAGE GAIN vs SUPPLY VOLTAGE 
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CA158, CA158A, CA258, CA258A, 
orem CA358, CA358A, CA2904. 
LM358, LM2904 


Dual, 1MHz, Operational Amplifiers for Commercial 


GD 


June 1996 Industrial, and Military Applications 

Features Description 

¢ Internal Frequency Compensation for Unity Gain The CA158, CA158A, CA258, CA258A, CA358, CA358A 

* High DC Voltage Gain ..............--. (pod Typ) “Se SARS types Consist of tive Ineepencent, Nigh gal, 

: i ; internally frequency compensated operational amplifiers 

¢ Wide Bandwidth at Unity Gain.......... 1MHz(TyP) which are designed specifically to operate from a single 

e Wide Power Supply Range: power supply over a wide range of voltages. They may also 

« Single Supply sccucssccevaecsraccenaws 3V to 30V__—be operated from split power supplies. The supply current is 

- Dual Supplies .......... 0.000.000. +1.5Vto+15v basically independent of the supply voltage over the 


recommended voltage range. 
e Low Supply Current...........s.s008. 1.5 mA (Typ) 


. These devices are particularly useful in interface circuits with 
e Low Input Bias Current P y 


digital systems and can be operated from the single | 
Low Input Offset Voltage and Current common 5Vpc power supply. They are also intended for — 


¢ Input Common-Mode Voltage Range Includes Ground — transducer amplifiers, DC gain blocks and many other 


Differential Input Voltage Range Equal to V+ Range conventional op amp circuits which can benefit from the 
single power supply capability. | 


Large Output Voltage Swing.......... OV to V+ -1.5V | 
The CA158, CA158A, CA258, CA258A, CA358, CA358A, and 
CA2904 types are an equivalent to or a replacement for the 


industry types 158, 158A, 258, 258A, 358, 358A, and CA2904. 


Technical Data on LM Branded types is identical to the 
corresponding CA Branded types. 


Ordering Information 


PART TEMP. 
NUMBER | RANGE (°C) PACKAGE 
CA0158E -55 to 125 | 8Ld PDIP 


CAO158AE | -55 to125 |8Ld PDIP 
CA0158M -55 to 125 |8Ld SOIC M8.15 


Pinouts | 
CA158, CA258, CA358 (METAL CAN) 


CA0158M96 | -55 to 125 | 8Ld SOIC Tape and Reel M8.15 TOP VIEW 
CA0158AT | -55 to 125 T8.C INPUT (A) 


NON-INV. 
INPUT (A) OUTPUT (A) 


CADR5BN 
CA0258M96 M8.15 
Bld SOIC 


CA0258AM -25 to85 | 8Ld SOIC 


NON-INV. 


CA0258AM96]| -25 to 85 | 8Ld SOIC Tape and Reel M8.15 INPUT (B) 
p INPUT (B) 


15 
5 
Trac 
TT8s” 
= 
= 
5 
15 
15 
Co 
CAOSSBANES 
cazs0aN 
= 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 01 9 3 
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CA158, CA258, CA358, CA2904 (PDIP, SOIC) 
LM358, LM2904 (PDIP) 


TOP VIEW 


LM2904N 


‘ 


CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Absolute Maximum Ratings Thermal Information 
Supply Voltage Thermal Resistance (Typical, Note 3) Bya (CCIW) By (PCW) 
SRA LCS 6 cece eeusoeeianGuanedaee sos 26V or +13V POU? PROG iecsican nc vedas a wane 130 N/A 
IGT THOR. -c0e cheedun cave wensass eee dn ONs 32V or +16V esis PROCES 6 isn dew eadewaiaauee 170 N/A 
Differential Input Voltage (All Types)..................20... 32V Can PAGKAQG.ss<ekec cnc esases aes 155 67 
WIR VONEGS, ys o0<s ee eedos oe be cesusrenevewapees -0.3V to V+ Maximum Junction Temperature (Can Package) .......... 175°C 
Input Current (V; <-O.3SV, NOI6 1)... eines ccecsasesaaranes 50mA Maximum Junction Temperature (Plastic Package) ........ 150°C 
Output Short Circuit Duration (V+ < 15V, Note 2)...... Continuous Maximum Storage Temperature Range .......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 
Operating Conditions (SOIC - Lead Tips Only) 
Temperature Range 
GAISS, CATIGBA < ccccsccdeiweaen a eiewseces -55°C to 125°C 
CREE, CALSOA nck oe vesasbevanv des ennes oe -25°C to 85°C 
CA2Z904, LMZ904 oc cccccaceiseresadsssiuscn -40°C to 85°C 
GASSB, CAGSBA, LMS58. 2s ciccasuccrenvsbetuss 0°C to 70°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 

1. This input current will only exist when the voltage at any of the input leads is driven negative. This current is due to the collector base junction 
of the input PNP transistors becoming forward biased and thereby acting as input diode clamps. In addition to this diode action, there is also 
lateral NPN parasitic transistor action on the IC chip. This transistor action can cause the output voltages of the amplifiers to go to the V+ 
voltage level (or to ground for a large overdrive) for the time duration that an input is driven negative. This transistor action is not destructive 
and normal output states will re-establish when the input voltage, which was negative, again returns to a value greater than -0.3V. 


2. The maximum output current is approximately 40mA independent of the magnitude of V+. Continuous short circuits at V+ > 15V can cause 
excessive power dissipation and eventual destruction. Short circuits from the output to V+ can cause overheating and eventual destruc- 
tion of the device. Destructive dissipation can result from simultaneous short circuits on both amplifiers. 


3. 85, is Measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage V+ = 5V, V- = OV, 
Unless Otherwise Specified 
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Full | 


— 


V+ = 30V | ee | 
V+ = 30V 


DC 


PARAMETER 
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Voltage (Note 6) 
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Range (Note 5) hal = 
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Common Mode 
Rejection Ratio 


< 
+ 
NN) 


Power Supply DC we 100 4 a 
Rejection Ratio 

Input Bias I+ Or |)- | | 40 | 80 | nA 
Current (Note 4) or le 100 [40 | 100 nF 
Input Offset I+ - |) | nA 
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Average Input 200 
Offset Current 


Drift 


Ry = 2kQ, V+ = 15V 
(For Large Vo Swing) 
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OPERATIONAL 
AMPLIFIERS 


a 


CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage V+ = 5V, V- = OV, 
Unless Otherwise Specified (Continued) 


CA158A CA258A CA358A 
TEST 
PARAMETER CONDITIONS 


Output Voltage | R, = 2kQ 
Swing 


+ 
m 
= 
ae) 


Output Source | V\+ =+1V, V)- = OV, 25 20 
Current V+=15V 


Vit = OV, Vi- = 1V, 
V+=15V 


V+ = OV, V;- = 1V, 
Vo = 200mV 


Short Circuit R, = 0Q 
Output Current 
(Note 2) 


Crosstalk f= 1 to 20kHz 
(Input Referred 
Current 
7 Ry =o, V+ = 30V 


NOTES: 


4. Due to the PNP input stage the direction of the input current is out of the IC. No loading change exists on the input lines because the 
current is essentially constant, independent of the state of the output. 


5. The input signal voltage and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range is V+ - 1.5V, but either or both inputs can go to +32V without damage. 


6. Vo = 1.4V, Rg = 02 with V+ from 5V to 30V, and over the full input common mode voltage range (OV to V+ - 1.5V). 


Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage V+ = 5V, V- = OV, 
Unless Otherwise Specified 


TEST CA158, CA258 CA358, LM358 CA2904, LM2904 
paramere | conormions |r) | wn [rv [wax | wn [rv [wax | wn | Tv | wax 
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Electrical Specifications Values Apply for Each Operational Amplifier. Supply Voltage V+ = 5V, V- = OV, 
Unless Otherwise Specified (Continued) 


panaweren | conomons |e) [ ww [ wwe [wax] ww [vr [wax] wn [ rv | wax |onrs 


Large Signal R, = 2kQ, V+ = 15V 
Voltage Gain (For Large Vo Swing) 
Output Voltage | R, = 2kQ 25 
Swing 


25 20 
s) 10 


Output Source | V\+ =+1V, V)- = OV, 
Current V+=15V 


Vit = OV, V|;- = 1V, 2 
V4 = 15V 


st 


oa De) 
no ro) ro) 
ae on De) eS 
otin oO oO oO =) 


Vi+ = OV, Vi- = 1V, 
Vo = 200mV 


Short Circuit R, = 0Q 

Output Current 

(Note 2) 

Crosstalk f = 1 to 20kHz 
(Input Referred) 

Total Supply = 00 


Current 
R, = ce, V+ = 30V 


NOTES: 


7. Due to the PNP input stage the direction of the input current is out of the IC. No loading change exists on the input lines because the 
current is essentially constant, independent of the state of the output. 
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8. The input signal voltage and the input common mode voltage should not be allowed to go negative by more than 0.3V. The positive limit 
of the common mode voltage range is V+ - 1.5V, but either or both inputs can go to +32V without damage. 


9. Vo = 1.4V, Rg = 02 with V+ from 5V to 30V, and over the full input common mode voltage range (OV to V+ - 1.5V). 


Schematic Diagram 
ONE OF TWO OPERATIONAL AMPLIFIERS 


TO 2 


TO 2 
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OPERATIONAL 
AMPLIFIERS 


CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Typical Performance Curves 


INPUT VOLTAGE (V) 


SUPPLY VOLTAGE (V) 


FIGURE 1. INPUT VOLTAGE RANGE vs SUPPLY VOLTAGE 


SUPPLY CURRENT DRAIN (mA) 


POSITIVE SUPPLY VOLTAGE (V) 
FIGURE 3. SUPPLY CURRENT DRAIN vs SUPPLY VOLTAGE 


OPEN LOOP VOLTAGE GAIN (dB) 


POSITIVE SUPPLY VOLTAGE (V) 
FIGURE 5. VOLTAGE GAIN vs SUPPLY VOLTAGE 
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INPUT CURRENT (nA) 


TEMPERATURE (°C) 


FIGURE 2. INPUT CURRENT vs AMBIENT TEMPERATURE 
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FIGURE 4. COMMON MODE REJECTION RATIO vs INPUT 
FREQUENCY 


OPEN-LOOP VOLTAGE GAIN (dB) 
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FIGURE 6. OPEN-LOOP FREQUENCY RESPONSE 


10K 100K 


CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Typical Performance Curves (continued) 
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OPERATIONAL 
AMPLIFIERS 


OUTPUT VOLTAGE SWING (V) 
INPUT CURRENT (nA) 
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FIGURE 9. LARGE-SIGNAL FREQUENCY RESPONSE FIGURE 10. INPUT CURRENT vs SUPPLY VOLTAGE 
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CA158, CA158A, CA258, CA258A, CA358, CA358A, CA2904, LM358, LM2904 


Typical Performance Curves (continued) 


V+= 15V 


OUTPUT SOURCE CURRENT (mA) 
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TEMPERATURE (°C) 


FIGURE 13. OUTPUT CURRENT vs AMBIENT TEMPERATURE 


Metallization Mask Layout 


69-77 
(1.753 - 1.956) 


(0.102 - 0.254) 


lpia 63 - 71 
(1.600 - 1.803) 


| <— 4-10 


Dimensions in parentheses are in millimeters and derived 
from the basic inch dimensions as_ indicated. Grid 
graduations are in mils (10° inch). 


The photographs and dimensions represent a chip when it 
is part of the wafer. When the wafer is cut into chips, the 
cleavage angles are 57° instead of 90° with respect to the 
face of the chip. Therefore, the isolated chip is actually 7mils 
(0.17mm) larger in both dimensions. 
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HARRIS CA741, CA741C, CA1458, 
seurcone ’©T°® §~CA1558, LM741, LM741C, LM1458 


Single and Dual, High Gain Operational Amplifiers 
for Military, Industrial and Commercial Applications 


tt 


November 1996 


Features Description 

¢ Input Bias Current..............00eee S00nA (Max) The CA1458, CA1558 (dual types); CA741C, CA741 (single 

¢ Input Offset Current................-. 200nA (Max) types); high-gain operational amplifiers for use in military, 
industrial, and commercial applications. 

Applications These monolithic silicon integrated circuit devices provide 

¢ Comparator ¢ Multivibrator output short circuit protection and latch-free operation. 

¢ DC Amplifier ¢ Summing Amplifier These types also feature wide common mode and 


e Narrow Band or Band 
Pass Filter 


e Integrator or Differentiator 


Ordering Information 


PART TEMP. RANGE 
NUMBER (°C) PACKAGE 


CAO741E ~-55to125  |8Ld PDIP 


CA0741CE 8 Ld PDIP 


CA1558T -55 10125 | 8 Pin Metal Can 


& Pin Metal Gan 


LM741N -55to125 |8LdPDIP 


differential mode signal ranges and have low offset voltage 
nulling capability when used with an appropriately valued 
potentiometer. A 10kQ potentiometer is used for offset 
nulling types CA741C, CA741 (see Figure 1). Types 
CA1458, CA1558 have no specific terminals for offset 
nulling. Each type consists of a differential input amplifier 
that effectively drives a gain and level shifting stage having 
a complementary emitter follower output. 


specifications. 


Technical Data on LM Branded types is identical to the corre- 
sponding CA Branded types. 


Pinouts 
CA741, CA741C, LM741, LM741C (CAN) CA1458, CA1558 (METAL CAN) 
TOP VIEW TOP VIEW 
NC V+ 

OFFSET OUTPUT OUTPUT 

NULL (1) V+ (A) (B) 

INV. INV. INPUT INV. INPUT 

INPUT iad (A) (B) 

IE OFFSET NON-INV. NON-INV. 
Nee CS) NULL INPUT (A) INPUT (B) 


CA741, CA741C, LM741, LM741C (PDIP) 
TOP VIEW 


OFFSET NULL | 1] 


[5] OFFSET NULL 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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CA1458, CA1558, LM1458 (PDIP) 
TOP VIEW 


File Number 531 wa 


0 to 70 8 Ld PDIP E83 | The manufacturing process make it possible to produce IC q ” 
operational amplifiers with low burst “popcorn” noise Ss ti 
fcao74iT | -88t0 125 | 8PinMetalcan [Ta | characteristics. The CA741 gives limit specifications for burst FE L. 

. noise in the data bulletin, File Number 530. Contact your = 
Sales Representative for information pertinent to other oper- m7 
ational amplifier types that meet low burst noise o < 


CA741, CA741C, CA1458, CA1558, LM741, LM741C, LM1458 


Absolute Maximum Ratings Thermal Information 

Supply Voltage Thermal Resistance (Typical. Note 3) Bya (CCIW) 85 (°C/W) 
CA741C, CA1458, LM741C, LM1458 (Note 1)............ 36V PDIP PACKAGE ....2 cece cctuccbrawven 130 N/A 
CA741, CA1558, LM741 (Note 1)......... 0.2... e eee 44V Can Package .....e-icciemetceens 155 67 

Dinerental WiPUL VONAGE. .ccccvesevisueewvinvawas sx ....30V Maximum Junction Temperature (Can Package) .......... 175°C 

WIPE VONNOG. 6c kn s.26¢ ceux eens d badems si aheweee< +Vcoyppry | Maximum Junction Temperature (Plastic Package) ........ 150°C 

Offset Terminal to V- Terminal Voltage (CA741C, CA741)... +0.5V Maximum Storage Temperature Range ......... -65°C to 150°C 

Output Short Circuit Duration............... TTT Indefinite | Maximum Lead Temperature (Soldering 10s)............. 300°C 


Operating Conditions 


Temperature Range 
GAr4l, CASS, LMP41 ss cece nae een sawee -55°C to 125°C 
CA741C, CA1458, LM741C, LM1458 (Note 2)..... 0°C to 70°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. Values apply for each section of the dual amplifiers. 


2. All types in any package style can be operated over the temperature range of -55°C to 125°C, although the published limits for certain 
electrical specification apply only over the temperature range of 0°C to 70°C. 


3. 85a is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Typical Values Intended Only for Design Guidance, Vsyppyy = +15V 


TYPICAL VALUE 
PARAMETER SYMBOL TEST CONDITIONS (ALL TYPES) UNITS 


CS 
[Output Short Circuit Current | | 
re Unity Gain, V, = 20mV, R, = 2kQ, = 

t 0.3 
| 


Transient Response 
C. < 100pF 


Ry > 2kQ 


Electrical Specifications For Equipment Design, Vsyppyy = +15V 


Rise Time 


Overshoot 


a 
= 


Slew Rate (Closed Loop) 


(NOTE 4) 
(NOTE 4) CA741C, CA1458, LM741C, 
CA741, CA1558, LM741 LM1458 
TEST UNIT 


TEMP 
EO OE ee 
Range 
A 


Common Mode Rejection Ratio s S$ 10kQ 


ree eo 
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CA741, CA741C, CA1458, CA1558, LM741, LM741C, LM1458 


Electrical Specifications — For Equipment Design, Vsyppry = +15V (Continued) 


(NOTE 4) 
CA741C, CA1458, LM741C, 
LM1458 


(NOTE 4) 
CA741, CA1558, LM741 


TEST 
CONDITIONS 


UNIT 


PARAMETER TYP 


500 500 


=| 
> 


Input Bias Current 


jo) 
oO 
Oo 
Fe | 
> 


1500 


S 
oO 


i 
w 


= 
> 


= 
> 


<1 sis 


3 
= 


S 
co) 


Input Offset Current 
300 


3 
io) 

3 
>i > 


Ss 
io) 
> 


Large Signal Voltage Gain 20, 000 200,000 


50,000 | 200,000 


rn ee 


NOTE: 


4. Values apply for each section of the dual amplifiers. 


15,000 


= 
< 


Output Voltage Swing +12V +14V 


pe) 
co) 
pe) 
co) 
oO 
SD 


+10V +13V 


+10V +13V 


2.8 2 


fo) 
= 
> 


Supply Current 


S 
> 


2.5 


> 


m 


oh 


5 


i=) 
foe) 
on 


= | 
= 


Device Power Dissipation 


100 


= 


mn 
= 
nm 
On 
anc 
S 
o 


—_ 
a | 


a 


Test Circuits 


INVERTING , 

INPUT 
OUTPUT 

NON-INVERTING . 

INPUT 
Vout 
CL Ri 
Vin 
FIGURE 1. OFFSET VOLTAGE NULL CIRCUIT FOR CA741C, FIGURE 2. TRANSIENT RESPONSE TEST CIRCUIT FOR ALL .- 
CA741, LM741C, AND LM741 TYPES 
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OPERATIONAL 
AMPLIFIERS 


CA741, CA741C, CA1458, CA1558, LM741, LM741C, LM1458 


Schematic Diagram (Notes 5, 6) 


CA741C, CA741, LM741C, LM741 AND FOR EACH AMPLIFIER OF THE CA1458, CA1558, AND LM1458 


INVERTING 
INPUT 


NON-INVERTING 
INPUT 


OFFSET 
NULL 


NOTES: 
5. See Pinouts for Terminal Numbers of Respective Types. 
6. All Resistance Values are in Ohms. 


Typical Performance Curves 


= 
Ww 
O -_ | 
: : | 
ox = 
= 
> Z 
z > 
w 
S = 
Q a 
= = 
z 5 
fe) (e) 
= 
= 
Oo 
re) 
DC SUPPLY (V3, V-) DC SUPPLY (V+, V-) 
FIGURE 3. COMMON MODE INPUT VOLTAGE RANGE vs SUPPLY FIGURE 4. OUTPUT VOLTAGE vs SUPPLY VOLTAGE FOR ALL 
VOLTAGE FOR ALL TYPES TYPES 
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CA741, CA741C, CA1458, CA1558, LM741, LM741C, LM1458 


Typical Performance Curves (continued) 


DC SUPPLY VOLTS (V+ = 15, V- = -15) 
Ta = 25°C, C, = 100pF 


OUTPUT (mV) 


Ser ise 

ee! Le 

Be s...u. SERRE 

-0.5 0 -0.5 1.0 1.5 2.0 2.5 3.0 
TIME (us) 


FIGURE 5. TRANSIENT RESPONSE FOR CA741C AND CA741 


Metallization Mask Layout 
CA741CH 


54 - 62 
(1.372 - 1.575) 


ae 4-10 
7 |< (0.102 - 0.254) | 


61-69 
(1.549 - 1.753) 


CA1458H 


_ ee aa aa 
a | r 7 kes ait Seq 
‘eee 


102 - 0.254) 


> | aw 4-10 
: | 
. (2.565 - 2.768) 


NOTE: Dimensions in parentheses are in millimeters and are derived from the basic inch dimensions as indicated. Grid graduations are in 


mils (1079 inch). 
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OPERATIONAL 
AMPLIFIERS 


SEMICON.D 


B 13020, CA3020A 


_ 8MHz Power Amps For Military, 
Industrial and Commercial Equipment 


_ Features.. 
‘ High Power Output Class B Amplifier 
+ CARNES ocrscaxecevecsose nes 0.5W (Typ) at Vec = 9V 
- CA3020A............00 eee 1.0W (Typ) at Voc = 12V 
Wide Frequency Range .. Up to 8MHz with Resistive Loads 
FGh POWOr GAIN, <cnscewnesc ds creer sesis 75dB (Typ) 
Single Power Supply For Class B Operation With 
Transformer 
TCE LCTTTTTL ETT Te eee Te 3V to 9V 
Serer eet ee eT rere eT Ter 3V to 12V 


Built-In Temperature-Tracking Voltage Regulator Provides 
Stable Operation Over -55°C to 125°C Temperature Range 


Applications 
AF Power Amplifiers For Portable and Fixed Sound and 
Communications Systems 
Servo-Control Amplifiers 
Wide-Band Linear Mixers 
Video Power Amplifiers 


Transmission-Line Driver Amplifiers (Balanced and 
Unbalanced) 


Fan-In and Fan-Out Amplifiers For Computer Logic Circuits 
Lamp-Control Amplifiers 

Motor-Control Amplifiers 

Power Multivibrators 

Power Switches 


Pinout 


CA3020 
(METAL CAN) 
TOP VIEW 


BUFFER AMP 
OUT (1) 


OUTPUT 5 @) (é) 7) OUTPUT 7 


OUTPUT 6 


Description 


The CA3020 and CA3020A are integrated-circuit, multi- 
stage, multipurpose, wide-band power amplifiers on a single 
monolithic silicon chip. They employ a highly versatile and 
stable direct coupled circuit configuration featuring wide 
frequency range, high voltage and power gain, and high 
power output. These features plus inherent stability over a 
wide temperature range make the CA3020 and CA3020A 
extremely useful for a wide variety of applications in military, 
industrial, and commercial equipment. 


The CA3020 and CA3020A are particularly suited for service 
as class B power amplifiers. The CA3020A can provide a 
maximum power output of 1W from a 12Vpc supply with a 
typical power gain of 75dB. The CA3020 provides 0.5W 
power output from a 9V supply with the same power gain. 


Refer to AN5766 for application information. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE(°C)| PACKAGE 


CA3020 -55 to 125 12 Pin Metal Can |712.B 
CA3020A -55to125 |12PinMetalCan |712.B 


Schematic Diagram 


09 


The resistance values included on the schematic diagram have been supplied as a convenience to assist 
Equipment Manufacturers in optimizing the selection of “outboard” components of equipment designs. 
The values shown may vary as much as 30%. 


Harris reserves the right to make any changes in the Resistance Values provided such changes do not 
adversely affect the published performance characteristics of the device. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 
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339.4 


a tiene. 


SEMICONDUCTO.R 


CA3060 


: plete CA ily en , 110kHz, Operational 
November 1996 ome ey  Transconductance Amplifier Array 


Features\ sosonnton 


Low Power Consumption as Low as 100mW Per The CA3060 monolithic integrated circuit consists of an array of 
Amplifier three independent Operational Transconductance Amplifiers 
(see Note). This type of amplifier has the generic characteris- 
tics of an operational voltage amplifier with the exception that 
High Forward Transconductance the forward gain characteristic is best described by transcon- 
ductance rather than voltage gain (open-loop voltage gain is the 
product of the transconductance and the load resistance, 
Low Input Bias and Input Offset Current guR_). When operated into a suitable load resistor and with 
provisions for feedback, these amplifiers are well suited for a 
wide variety of operational-amplifier and related applications. In 


No Effect on Device Under Output Short-Circuit addition, the extremely high output impedance makes these 
Conditions types particularly well suited for service in active filters. 


Independent Biasing for Each Amplifier 
Programmable Range of Input Characteristics 


High Input and Output Impedance 


Zener Diode Bias Regulator The three amplifiers in the CA3060 are identical push-pull 

Class A types which can be independently biased to achieve a 

A pp lications wide range of characteristics for specific application. The elec- 

trical characteristics of each amplifier are a function of the 

For Low Power Conventional Operational Amplifier amplifier bias current (Iago). This feature offers the system 

Applications designer maximum flexibility with regard to output current capa- 

bility, power consumption, slew rate, input resistance, input bias 

current, and input offset current. The linear variation of the 

Comparators parameters with respect to bias and the ability to maintain a 

constant DC level between input and output of each amplifier 

Gyrators also makes the CA3060 suitable for a variety of nonlinear appli- 
Mixers cations such as mixers, multipliers, and modulators. 


Active Filters 


OPERATIONAL 
AMPLIFIERS 


Modulators In addition, the CA3060 incorporates a unique Zener diode 
regulator system that permits current regulation below sup- 
Multiplexers ply voltages normally associated with such systems. 
Multipliers NOTE: Generic applications of the OTA are described in AN-6668. 
Strobing and Gating Functions For improved input operating ranges, refer to CA3080 and CA3280 
data sheets (File Nos. 475 and 1174) and application notes AN6668 
Sample and Hold Functions and AN6818. 


Pinout Ordering Information 
CA3060 


(PDIP) TEMP. 
TOP VIEW PART NUMBER | RANGE (°C)| PACKAGE 


CA3060E -40 to 85 16 Ld PDIP E16.3 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 537.3 
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HARRIS (CA3078, CA3078A 


November 1996 2kHz, Micropower Operational Amplifier 


Features Description 


e Low Standby Power............. As Low As 700NW_) The CA3078 and CA3078A are high gain monolithic 
Wide Supply Voltage Range......... +0.75V to+15V = operational amplifiers which can deliver milliamperes of 
High Peak Output Current.............. 6.5mA (Min) current yet only consume microwatts of standby power. Their 

operating points are externally adjustable and frequency 

compensation may be accomplished with one external 

Output Short Circuit Protection capacitor. The CA3078 and CA3078A provide the designer 

: . with the opportunity to tailor the frequency response and 

Applications improve the slew rate without sacrificing power. Operation | 

e Portable Electronics ¢ Telemetry with a single 1.5V battery is a practical reality with these 


¢ Medical Electronics ¢ Intrusion Alarms devices. 


¢ Instrumentation The CA3078A is a premium device having a supply voltage 
; . range of Vt=0.75V to V+ = 15V. The CA3078 has the same 
Ordering Information lower supply voltage limit but the upper limit is V+ = +6V and 


V- = -6V. 
PART NUMBER| ‘TEMP. 
(BRAND) __| RANGE (°C) 
CA3078AE -55to 125 |8Ld PDIP 


CA3078AM -55to125 |8Ld SOIC M8.15 
(3078A) 


Adjustable Quiescent Current 


CA3078M O0to70 |8LdSOIC 
(3078) 


CA3078T 0 to 70 8 Pin Metal Can T8.C 


Pinouts Schematic Diagram 
CA3078 (PDIP, SOIC) CA3078 AND CA3078A 


TOP VIEW 
md ok, 4 


ie 
Dg 
Qe 


es 


(1)~——._ COMPENSATION 


CA3078 (METAL CAN) 
TOP VIEW 


NOTE: Pin 4 is connected to case. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 53 5 3 
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CA3078, CA3078A 


Absolute Maximum Ratings Thermal Information 
Supply Voltage (Between V+ and V- Terminal) Thermal Resistance (Typical, Note 2) Oya (°C/W) 8yc (CC/W) 
2. ee ee ee ee er ee eee 14V POIP PACKAGE... nc x scercswewowes 130 N/A 
CT y cee aaanes ned eaeaans Foukbwes Genesee deans 36V SOIC PACKSGG. 2 ac icaavsanvevres 170 N/A 
Dierenitial WipPUl VONMGGs os ws ncews ed besos OH DERD RE Sea O's 6V Metal Can Package............... 175 100 
RD Fane O a ok oh dn ee £84.004 840-6 edO eS be PEARS V+ to V- Maximum Junction Temperature (Metal Can Package) ....... 175°C 
NOU CUNBNG sick eek ces eb icecdesesasanssvacvadeee 0.1mA Maximum Junction Temperature (Plastic Package) ........ 150°C 
Output Short Circuit Duration (Note 1)............. No Limitation Maximum Storage Temperature Range .......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............ 300°C 
Operating Conditions (SOIC - Lead Tips Only) 
Temperature Range 
Ai poG uo thdns nod roel Gyre ksieeaxces 0°C to 70°C 
CABO: 4044 7.05680b 6 ehderkeeryaeey sks -55°C to 125°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. Short circuit may be applied to ground or to either supply. 
2. Oya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications For Equipment Design 


CA3078 LIMITS CA3078A LIMITS 
TEST CONDITIONS Rgeq = 5.1MQ 


Ta = -55°C to 
Ta = 25°C 125°C 
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OPERATIONAL 
AMPLIFIERS 


CA3078, CA3078A 


Electrical Specifications — T, = 25°C, Typical Values Intended Only for Design Guidance 


CA3078A 


V+ = +1.3V, V+ = +0.75V, V+ = +1.3V, V+ = +0.75V, 
V- =-1.3V V- = -0.75V V- = -1.3V V- = -0.75V 
Rset = 2MQ Rset = 10MQ Rset = 2MQ Rs_et = 10MQ 


fo?) 
on 


oO oO é alt 5 
or w 


— 
on 


es 


0.3 
-0.2 to +0.5 -0.2 to +0.5 


oOo 
io) 


CA3078 CA3078A 
Reet = 5.1MQ Roe = 1MQ UNITS 


PARAMETER 


EC 0 
a 
a OC 
OC 
TL CO 
SS a A 


3-38 


CA3078, CA3078A 


Test Circuits 


Ry = Ri OPTIONAL 
Ry OPTIONAL 1 
fee Sf COMP. Ro cf COMP. 
FIGURE 1. TRANSIENT RESPONSE AND SLEW RATE, UNITY FIGURE 2. SLEW RATE, UNITY GAIN (NON-INVERTING) TEST 
GAIN (INVERTING) TEST CIRCUIT CIRCUIT 


NON-INVERTING INVERTING 


INPUT 


OPERATIONAL 
AMPLIFIERS 


Value of Rg required to have a 


null adjustment range of +7.5mV Value of Rg required to have a 


= —_ Ri Rp V+ null adjustment range of +7.5mV 
2 easy 
(Ry + Re) 7.5 x 10 R Rj V+ 
R) Re B75 x10 


assuming Rp > > 
Rj) + Re assuming Rp > > R; 


FIGURE 3. OFFSET VOLTAGE NULL CIRCUITS 


5.1MQ 


1.5V [* 1.5V 
“AA” CELL T- G “AA” CELL 


FIGURE 4. INVERTING 20dB AMPLIFIER CIRCUIT FIGURE 5. NON-INVERTING 20dB AMPLIFIER CIRCUIT 
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CA3078, CA3078A 


TABLE 1. UNITY GAIN SLEW RATE vs COMPENSATION - CA3078 AND CA3078A 


VsuppLy = +6V, Output Voltage (Vo) = +5V, Load Resistance (R,_) = 10kQ, Transient Response: 10% overshoot for an output voltage of 


100mV, Ambient Temperature (Ta) = 25°C 


COMPENSATION 
TECHNIQUE 


CA3078 - Iq = 100nA 


Single Capacitor po | 750 
Resistor and Capacitor 350 


Application Information 


Compensation Techniques 


The CA3078A and CA3078 can be phase compensated with 
one or two external components depending upon the closed 
loop gain, power consumption, and speed desired. The 
recommended compensation is a resistor in series with a 
Capacitor connected from Terminal 1 to Terminal 8. Values of 
the resistor and capacitor required for compensation as a 
function of closed loop gain are shown in Figures 25 and 26. 
These curves represent the compensation necessary at 
quiescent currents of 100UA and 20uA, respectively, for a 
transient response with 10% overshoot. Figures 23 and 24 
show the slew rates that can be obtained with the two different 
compensation techniques. Higher speeds can be achieved 
with input compensation, but this increases noise output. 


Typical Performance Curves 


Th 
TLL 
ie cuore LEE CET 
— a 

— TT casoren FTF TP TT 
-t_Ltit 1. Li) 

10 100 1000 
TOTAL QUIESCENT CURRENT (yA) 


INPUT OFFSET VOLTAGE (mV) 
nN 
& 


FIGURE 6. INPUT OFFSET VOLTAGE vs TOTAL QUIESCENT 
CURRENT 


UNITY GAIN (INVERTING) 7 
FIGURE 1 


Ta] | m& | & [aewaae| wm | o | fe | G [SeWnAe 


UNITY GAIN (NON-INVERTING) 
FIGURE 2 


Compensation can also be accomplished with a single 
capacitor connected from Terminal 1 to Terminal 8, with speed 
being sacrificed for simplicity. Table 1 gives an indication of 
slew rates that can be obtained with various compensation 
techniques at quiescent currents of 100A and 20uA. 


Single Supply Operation 


The CA3078A and CA3078 can operate from a single supply 
with a minimum total supply voltage of 1.5V. Figures 4 and 5 
show the CA3078A or CA3078 in inverting and non-inverting 
20dB amplifier configurations utilizing a 1.5V type “AA” cell 
for a supply. The total consumption for either circuit is 
approximately 675nW. The output voltage swing in this con- 
figuration is 300mMVp.p with a 20kQ load. 


PT Tt La TT 
2 ole COAT 
¢ a os a he 
rod |e] ie ee oe 
i ~ casors (AS IP Aneel 
c | P28» . aniline 
ws) a Se > CS CO” — (ls ey SC CE el 
i OT RT a7 
eA |e BLM 
Sy LTE 
~ ; en nore 
a 
z eh Pt tO ee 7 | 
SFR Tims 


10000 


0.01 


pT OL 
1 


10 100 1000 
TOTAL QUIESCENT CURRENT (1A) 


FIGURE 7. INPUT OFFSET CURRENT vs TOTAL QUIESCENT 
CURRENT 
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CA3078, CA3078A 


Typical Performance Curves (continued) 


J Coote ot 
is = 25°C ia 
Bb 


es CA3078A ot at wali 


TZ Co 
Of 


eee 


4 10 100 1000 10000 
TOTAL QUIESCENT CURRENT (1A) 


INPUT BIAS CURRENT (nA) 


FIGURE 8. INPUT BIAS CURRENT vs TOTAL QUIESCENT 
CURRENT 
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A TERMINAL 5 AND V+ 
aor MLL 
1000 100 10 1 0.1 0.01 0.001 
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BIAS SETTING RESISTANCE (MQ) 


FIGURE 10. BIAS SETTING RESISTANCE vs TOTAL 
QUIESCENT CURRENT 


JBES R. = 50kQ | fe 


Vs = +1.3V 
Ta = 25°C 


OUTPUT VOLTAGE SWING (V) 


TOTAL QUIESCENT CURRENT (1A) 


FIGURE 12. OUTPUT VOLTAGE SWING vs TOTAL QUIESCENT 
CURRENT 
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FIGURE 9. OPEN LOOP VOLTAGE GAIN vs TOTAL 
QUIESCENT CURRENT 


| 
Vg =+6TOVs=+15 7 TT | 
i 


Ta = 25°C 


MAXIMUM OUTPUT CURRENT (mA) 


100 1000 
fend QUIESCENT CURRENT (1A) 


FIGURE 11. MAXIMUM OUTPUT CURRENT vs TOTAL 
QUIESCENT CURRENT 
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FIGURE 13. OPEN LOOP VOLTAGE GAIN vs FREQUENCY FOR 
CA3078 
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CA3078, CA3078A 


Typical Performance Curves (Continued) 
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FIGURE 14. OUTPUT AND COMMON MODE VOLTAGE vs 
SUPPLY VOLTAGE 
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FIGURE 17. INPUT OFFSET CURRENT vs TEMPERATURE 


OPEN LOOP VOLTAGE GAIN (dB) 
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FIGURE 15. OPEN LOOP VOLTAGE GAIN vs FREQUENCY FOR 
CA3078A 
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FIGURE 16. INPUT OFFSET VOLTAGE vs TEMPERATURE 
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FIGURE 18. INPUT BIAS CURRENT vs TEMPERATURE 


3-42 


CA3078, CA3078A 


Typical Performance Curves (continued) 
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FIGURE 19. OPEN LOOP VOLTAGE GAIN vs TEMPERATURE FIGURE 20. TOTAL QUIESCENT CURRENT vs TEMPERATURE 
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HE rH 
PCE 


EQUIVALENT INPUT NOISE VOLTAGE (nV/VHz) 


EQUIVALENT INPUT NOISE CURRENT (p. 


0.01 


10! 102 10° 104 10° 
FREQUENCY (Hz) FREQUENCY (Hz) 
FIGURE 21. EQUIVALENT INPUT NOISE VOLTAGE vs FIGURE 22. EQUIVALENT INPUT NOISE CURRENT vs 
FREQUENCY FREQUENCY 
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Typical Performance Curves (Continued) 


COMPENSATION 
(Ry - C; BETWEEN 
TERMINALS 1 AND 8) 


CAPACITOR 
COMPENSATION 
(BETWEEN 
TERMINALS 1 AND 8) 


SLEW RATE (V/s) 


0 
0 10 20 30 40 50 60 70 80 90 
CLOSED LOOP NON-INVERTING VOLTAGE GAIN (dB) 


6 19.1 29.7 40 50 60 70 80 90 
CLOSED LOOP INVERTING VOLTAGE GAIN (dB) 


Supply Volts: V+ = +6, V- = -6 

Quiescent Current (Iq) = 100nA 

Ambient Temperature (Ta) = 25°C 

Load Impedance: Ry, = 10k, Cy = 100pF 
Feedback Resistance (Rr) = 0.1MQ 
Output Voltage (Vop-p) = 10V 


R, determined for transient response wn 10% overshoot on a 
100mV output signal (Ry x C; =2.5x 10°6 ) 


FIGURE 23. SLEW RATE vs CLOSED LOOP GAIN FOR 
Iq = 100A - CA3078 
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Supply Volts: V+ = +6, V- = -6 

Quiescent Current (lq) = 100nA 

Ambient Temperature (Ta) = 25°C 

Load Impedance: Ry, = 10kQ, C; = 100pF 
Feedback Resistance (Rr) = 0.1MQ 
Output Voltage (Vop-p) = 100mV 


R; determined for transient response _ 10% overshoot on a 
100mV output signal (Ry x Cy =2.5x 10° 6) 


FIGURE 25. PHASE COMPENSATION CAPACITANCE vs 
CLOSED LOOP GAIN - CA3078 


RESISTOR-CAPACITOR 
COMPENSATION 

(Ry - Cy; BETWEEN 
TERMINALS 1 AND ys 


APACITOR 
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TERMINALS 1 AND 8) 


SLEW RATE (V/us) 
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6 19.1 29.7 40 50 60 70 80 90 
CLOSED LOOP INVERTING VOLTAGE GAIN (dB) 


Supply Volts: V+ = +6, V- = -6 

Quiescent Current (lq) = 20uA 

Ambient Temperature (Ta) = 25°C 

Load Impedance: R, = 10kQ, C, = 100pF 
Feedback Resistance (Rr) = 0.1MQ 
Output Voltage (Vop-p) = 10V 


R; determined for transient faapOnee with 10% overshoot on a 
100mV output signal (Ry x Cy =2x 10 6) 


FIGURE 24. SLEW RATE vs CLOSED LOOP GAIN FOR Ig = 20uA 
- CA3078A 
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Supply Volts: V+ = +6, V- = -6 

Quiescent Current (Iq) = 20uA 

Ambient Temperature (Ta) = 25°C 

Load Impedance: R, = 10kQ, C, = 100pF 
Feedback Resistance (Rr) = 0.1MQ 
Output Voltage (Vop-_p) = 100mV 


R, determined for transient epee with 10% overshoot on a 
100mV output signal (Ry x Cy =2x 10° 6) 


FIGURE 26. PHASE COMPENSATION CAPACITANCE vs 
CLOSED LOOP GAIN - CA3078A 
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CA3080, CA3080A 


2MHz, Operational 
Transconductance Amplifier (OTA) 


FARRIS 


SEMICONDUCTOR 


2 


November 1996 


Features 
e Slew Rate (Unity Gain, Compensated) 
e Adjustable Power Consumption 
e Flexible Supply Voltage Range 
¢ Fully Adjustable Gain 
Tight gy Spread: 
- CA3080 
= GASGO0R os bats os sneer seer ee denw eww am cases 1.6:1 


e Extended gy Linearity 3 Decades 


Applications 

e Sample and Hold 
e Multiplexer 

¢ Voltage Follower 


e Multiplier 
¢ Comparator 


Ordering Information 


PART NUMBER TEMP. 
(BRAND) RANGE (°C) PACKAGE 
CA3080 Oto70 |8 Pin Metal Can 


CA3080A -55to 125 |8 Pin Metal Can 
CA3080AE -55to 125 |8LdPDIP 


CA3080AM -55 to 125 |8LdSOIC M8.15 
(3080A) 


CA3080AM96 -55 to 125 |8Ld SOIC Tape M8.15 
(3080A) and Reel 

CA3080M 0 to 70 8 Ld SOIC M8.15 
(3080) 

CA3080M96 0 to 70 8 Ld SOIC Tape M8.15 
(3080) and Reel 

Pinouts 


CA3080 
(PDIP, SOIC) 
TOP VIEW 


AMPLIFIER 
BIAS INPUT 


NOTE: Pin 4 is connected to case. 


CAUTION: These devices are sensitive to electrostatic discharge. Users shouid follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 


Description 


The CA3080 and CA3080A types are Gatable-Gain Blocks 
which utilize the unique operational-transconductance- 
amplifier (OTA) concept described in Application Note 
AN6668, “Applications of the CA3080 and CA3080A High- 
Performance Operational Transconductance Amplifiers”. 


The CA3080 and CA3080A types have differential input and a 
single-ended, push-pull, class A output. In addition, these types 
have an amplifier bias input which may be used either for gating 
or for linear gain control. These types also have a high output 
impedance and their transconductance (gy) is directly 
proportional to the amplifier bias current (lapc). 


The CA3080 and CA3080A types are notable for their excellent 
slew rate (50V/us), which makes them especially useful for 
multiplexer and fast unity-gain voltage followers. These types 
are especially applicable for multiplexer applications because 
power is consumed only when the devices are in the “ON” 
channel state. 


The CA3080A’s characteristics are specifically controlled for 
applications such as sample-hold, gain-control, multiplexing, etc. 


CA3080 
(METAL CAN) 
TOP VIEW 


NON-INV. 
INPUT 
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AMPLIFIERS 


CA3080, CA3080A 


Absolute Maximum Ratings Thermal Information 
Supply Voltage (Between V+ and V- Terminal).............. 36V Thermal Resistance (Typical, Note 2) Oya (CCIW) yc (°C/W) 
Oitterential Inpul VONAGE. «66a can ecisw eae crewnvceaseenaes 5V POIP PaGhaG6 .ocacncactdaendwe ns 130 N/A 
(OU WOM 6c0eh needs cease reveond® pdewesenades V+ to V- BOWS PAGhAGOs sscea van ee veers ee 170 N/A 
Input Signal CAMO oi case cca eee eae ees eee ee imA Metal Can Package............... 200 120 
Amplifier Bias Current (lagc)....-..--.20-0 eee mEbeenEs 2mA Maximum Junction Temperature (Metal Can) ............. 175°C 
Output Short Circuit Duration (Note 1)............ No Limitation | Maximum Junction Temperature (Plastic Package) ....... 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Operating Conditions Maximum Lead Temperature (Soldering 10s)............ 300°C 


SOIC - Lead Tips Onl 
Temperature Range ( ead Tips Only) 


CASO. ou ccaciawatwrnecaiusereaecanraeneers 0°C to 70°C 
(i -55°C to 125°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Short circuit may be applied to ground or to either supply. 
2. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications — For Equipment Design, Vsyppiy = +15V, Unless Otherwise Specified 


CA3080 CA3080A 
PARAMETER 


ee ce ee 
mV 


TEST CONDITIONS 


Pe de le 
reef | -[e|-|-| = | 
Input Occ votage Grange [asc =soouawaa | 25 | - | o@| - | - | oa] 3 | mv 
Input Offset Voltage [Positive | Iago = 500HA | 25 | - | - | 150 p= f= | 150 | pw 
reef | -[7{-|-| = |, 
iferonialinpuGurent__[asc=0Vorr= | 2 | - [ooo] - | - [ool 5 | oa 
fmpierBis Volage __—[iaso=s0mua | 8 | - tom] - | -|enf - | v_ 
InputResstanco ———dwinsc soon «| as | vo | 2 | - | | | - | | 
Inputapactance___[ago=S00AT=imnie| 2s | - | ee] - | - | o6| - | oF 
Inputte-OutpaCapactance [Iago=S0OHA i= iwniz| 25 | - [ooo] - | - [ooo] | oF 
forge ee wwower werk OL Pe TBO) PETS | 
Range -12 -14.6 -12 -14.6 
Forward Transconductance laBc = 500nA 
[utmutCapactance [ago =S0OAT=twre| a | - [| se] - | - | s8| | oF 
utpstResistanco ——_—aso=soa st = | - | | - | | | | wa 
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Electrical Specifications — For Equipment Design, Vsypp,y = +15V, Unless Otherwise Specified (Continued) 


PARAMETER TEST CONDITIONS | TEMP | MIN | TYP 
5 


Peak Output Positive |lapc = 5pA, Ry =° 2 
BC L. 
wotage Negative 


Positive 


NO 
on 


25 
Negative 25 


Amplifier Supply Current lABC = SOOHA 25 
Device Dissipation laBc = S00uA 

laBc = 0, Vtp = 0 

laBc = 0, Vtp = 36V 


12 


laBC = 500pA, R, = 


-12 


LTYP_ 
aa 
LES 
| 185 | 
a 
7 
24 
| te | 
| 75 | 


Magnitude of Leakage Current 


; 


25 
25 
25 
25 
25 
25 
25 

5 


oO 
[o) 
oe) 


5 


Schematic Diagram 


OPERATIONAL 
AMPLIFIERS 


INVERTING OUTPUT 
INPUT 


NON- 
INVERTING (3) 
INPUT 


AMPLIFIER 
BIAS INPUT 


Typical Applications 


LOAD 
(SCOPE PROBE) 


eee ren en spisbpsapeeiiiione. Pe ee 
0.001),.F | TIME -0.1j:s/DIV. 


FIGURE 1. SCHEMATIC DIAGRAM OF THE CA3080 AND CA3080A IN A UNITY-GAIN VOLTAGE FOLLOWER CONFIGURATION 
AND ASSOCIATED WAVEFORM 
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Typical Applications (continued) 


20pF 


8.2kQ 


THRESHOLD 
BUFFER VOLTAGE CENTERING DETECTOR 
FOLLOWER 100kQ 


+7.5V 


VOLTAGE-CONTROLLED > +7.5V 


CURRENT SOURCE LT) 


On 
(2)}+}4 - a 10-80pF gy 4- 60pF 


OR a O 


ooh 2MQ (5) 
~ 27.5V Os) vv V 
SYMMETRY , 
7.5V o-AW—0 +7.5V | 47KQ eYTERNAL 
100kQ SWEEPING INPUT 
MAX FREQ. SET MIN FREQ. SET 10k22 2-1N914 
+7.5V o-~AZ A » -7.5V , Ca > 50kQ Tar 
10kKQ 6.2kQ 5002 5000 - 60 5 
FREQ. 5 
ADJUST 2kQ iy 15-115 ae 
= HIGH-FREQ. ~ 
LEVEL 
ADJUST 


FIGURE 2. 1,000,000/1 SINGLE-CONTROL FUNCTION GENERATOR - 1MHz TO 1Hz 


NOTE: A Square-Wave Signal Modulates The External Sweeping NOTE: The bottom trace is the sweeping signal and the top trace is 
Input to Produce 1Hz and 1MHz, showing the 1,000,000/1 frequency __ the actual generator output. The center trace displays the 1MHz signal 


range of the function generator. via delayed oscilloscope triggering of the upper swept output signal. 
FIGURE 3A. TWO-TONE OUTPUT SIGNAL FROM THE FIGURE 3B. TRIPLE-TRACE OF THE FUNCTION GENERATOR 
FUNCTION GENERATOR SWEEPING TO 1MHz 


FIGURE 3. FUNCTION GENERATOR DYNAMIC CHARACTERISTICS WAVEFORMS 
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Typical Applications (continued) 


SLEW RATE (IN SAMPLE MODE) = 1.3V/us 


STORAGE AND PHASE ACQUISITION TIME = 3us (NOTE) 


COMPENSATION NETWORK 
SAMPLE 0V 
HOLD -15V Tf 


V- = -15V 
NOTE: Time required for output to settle within +3mV of a 4V step. 


FIGURE 4. SCHEMATIC DIAGRAM OF THE CA3080A IN A SAMPLE-HOLD CONFIGURATION 


0.1pF 


3 


30pF 


SIMULATED LOAD . 
NOT REQUIRED . 


hd 


FIGURE 5. SAMPLE AND HOLD CIRCUIT 
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CA3080, CA3080A 


Typical Applications (continued) 


LAO OPS LADS FLL AALS IEE PERIL ODS TOES Fs 


Top Trace: Output Signal 
5V/Div., 2us/Div. 
Bottom Trace: Input Signal 
5V/Div., 2us/Div. 
Center Trace: Difference of Input and Output Signals Through 
Tektronix Amplifier 7A13 
5mV/Div., 2us/Div. 


ry PEED oe 


4 . 
i 
Nee Ase anns ana . 
BS li 
¥: S Eee Sa 
» ~ . 
3 ? oe 
LS Seat Ma 
NS y 
‘; wks 5 
st s . 
; Bas 2 why y 
MTA Lar we 2 
Pern weeere nw 
S $ 54 
~ 


7 

a Keer 
- 
> 


le he hed ee 


Top Trace: System Output; 100mV/Div., 500ns/Div. Top Trace: Output; 50mV/Div., 200ns/Div. 
Bottom Trace: Sampling Signal; 20V/Div., 500ns/Div. Bottom Trace: Input; 50mV/Div., 200ns/Div. 
FIGURE 7. SAMPLING RESPONSE FOR CIRCUIT SHOWN IN FIGURE 8. INPUT AND OUTPUT RESPONSE FOR CIRCUIT 
FIGURE 23 SHOWN IN FIGURE 23 


120V AC 
MT; 60Hz 


20K 


—— NOTE: All resistors 1/2 watt, 
unless otherwise specified. 


FIGURE 9. THERMOCOUPLE TEMPERATURE CONTROL WITH CA3079 ZERO VOLTAGE SWITCH AS THE OUTPUT AMPLIFIER 
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Typical Applications (continued) 


SAMPLE ieee = 
Pee > +7. 
pes SAMPLE 
READ-OUT 
eI AMPLIFIER C3 
° Ry 
INPUT 2K 
i 2K 
OUTPUT >xC, 
e.g. 30pF (TYP) 
C2 
0.1uF C Ce 
7 200pF 0.1LF 
SAMPLE OV 2 ‘ —, 
eas. Pa AND PHASE 
HOLD -7.5 STROBE COMPENSATION 


FIGURE 10. SCHEMATIC DIAGRAM OF THE CA3080A IN A SAMPLE-HOLD CIRCUIT WITH BIMOS OUTPUT AMPLIFIER 


OPERATIONAL 
AMPLIFIERS 


Top Trace: Output; 5V/Div., 2us/Div. Top Trace: Output 
Center Trace: Differential Comparison of Input and Output 20mV/Div., 100ns/Div. 
2mvV/Div., 2us/Div. Bottom Trace: Input 
Bottom Trace: Input; 5V/Div., 2us/Div. 200mV/Div., 100ns/Div. 
FIGURE 11. LARGE-SIGNAL RESPONSE FOR CIRCUIT FIGURE 12. SMALL-SIGNAL RESPONSE FOR CIRCUIT SHOWN 
SHOWN IN FIGURE 28 IN FIGURE 28 
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Typical Applications (continued) 


> V+=15V 


-50mV —— 


INPUT 


OUTPUT 


56kQ 


lapc = 500A 


—> <<— tpHL 


FIGURE 13. PROPAGATION DELAY TEST CIRCUIT AND ASSOCIATED WAVEFORMS 


Typical Performance Curves 


—+ | iL Py 
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FIGURE 14. INPUT OFFSET VOLTAGE vs AMPLIFIER BIAS 
CURRENT 


102 


INPUT BIAS CURRENT (nA) 
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AMPLIFIER BIAS CURRENT (A) 


FIGURE 16. INPUT BIAS CURRENT vs AMPLIFIER BIAS CURRENT 
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INPUT OFFSET CURRENT (nA) 
°o 


0.1 10 100 1000 
AMPLIFIER BIAS CURRENT (1A) 


FIGURE 15. INPUT OFFSET CURRENT vs AMPLIFIER BIAS 
CURRENT 
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SUPPLY VOLTS: Vs =+15V 


LOAD RESISTANCE = 02 


_ 
o 
LS) 


PEAK OUTPUT CURRENT (1A) 
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orlAl [iit | J ti} fT ft tity tT Th 


0.1 1 10 100 1000 
AMPLIFIER BIAS CURRENT (1A) 


FIGURE 17. PEAK OUTPUT CURRENT vs AMPLIFIER BIAS 
CURRENT 
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CA3080, CA3080A 


Typical Performance Curves (Continued) 
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PEAK OUTPUT VOLTAGE (V) 
COMMON MODE INPUT VOLTAGE (V) 


45 ‘COMET 
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FIGURE 18. PEAK OUTPUT VOLTAGE vs AMPLIFIER BIAS 
CURRENT 
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DEVICE POWER DISSIPATION (u.W) 
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AMPLIFIER BIAS CURRENT (1A) 


1000 


FIGURE 20. TOTAL POWER DISSIPATION vs AMPLIFIER BIAS 
CURRENT 


+36V 


36V © 
OV ¢ 


FIGURE 22. LEAKAGE CURRENT TEST CIRCUIT 


10 =a 


AMPLIFIER SUPPLY CURRENT (1A) 


atin 
0.1 1 SB SOO GeO eGo 


0.1 1 10 100 1000 
AMPLIFIER BIAS CURRENT (1A) 


FIGURE 19. AMPLIFIER SUPPLY CURRENT vs AMPLIFIER 
BIAS CURRENT 
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OPERATIONAL 
AMPLIFIERS 


10° eRe) ees; 
Sana 
102 


10 


FORWARD TRANSCONDUCTANCE (iS) 


10 
AMPLIFIER BIAS CURRENT (1A) 


100 1000 


FIGURE 21. TRANSCONDUCTANCE vs AMPLIFIER BIAS 
CURRENT 


SUPPLY VOLTS: Vs =+15V 


MAGNITUDE OF LEAKAGE CURRENT (nA) 


TEMPERATURE (°C) 


FIGURE 23. LEAKAGE CURRENT vs TEMPERATURE 
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Typical Performance Curves (continued) 


+15V 


SUPPLY VOLTS: Vs 


(V) 


INPUT DIFFERENTIAL VOLTAGE 


ALU IL, 


b- o N oO - 
oO So oO r 
- r r 


(vd) INSYYND LNdNI IWILN3SYSSSI0 


V+=15V 
=-15V 


CA3080, A 
V- 


> 
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+/ 


VDIFF 


FIGURE 24. DIFFERENTIAL INPUT CURRENT TEST CIRCUIT 


FIGURE 25. INPUT CURRENT vs INPUT DIFFERENTIAL VOLTAGE 


SUPPLY VOLTS: Vs 
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FIGURE 27. AMPLIFIER BIAS VOLTAGE vs AMPLIFIER BIAS 


FIGURE 26. INPUT RESISTANCE vs AMPLIFIER BIAS CURRENT 


CURRENT 
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AMPLIFIER BIAS CURRENT (A) 


SUPPLY VOLTS: Vs 
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FIGURE 29. OUTPUT RESISTANCE vs AMPLIFIER BIAS 


FIGURE 28. INPUT AND OUTPUT CAPACITANCE vs AMPLIFIER 


CURRENT 


BIAS CURRENT 
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Typical Performance Curves (continued) 


INPUT - TO - OUTPUT CAPACITANCE (pF) 


0 2 4 6 8 10 12 14 + =616 18 
POSITIVE AND NEGATIVE SUPPLY VOLTAGE (V) 


FIGURE 30. INPUT-TO-OUTPUT CAPACITANCE TEST CIRCUIT FIGURE 31. INPUT-TO-OUTPUT CAPACITANCE vs SUPPLY 
VOLTAGE 


OPERATIONAL 
AMPLIFIERS 
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Features 


CA3094T, E, M for Operation Up to 24V 
CA3094AT, E, M for Operation Up to 36V 

¢ CA3094BT, M for Operation Up to 44V 

e Designed for Single or Dual Power Supply 


e Programmable: Strobing, Gating, Squelching, AGC 
Capabilities 

¢ Can Deliver 3W (Average) or 10W (Peak) to External 
Load (in Switching Mode) 


e High Power, Single Ended Class A Amplifier will Deliver 
Power Output of 0.6W (1.6W Device Dissipation) 


¢ Total Harmonic Distortion (THD) at 0.6W in Class A 
Operation 1.4% (Typ) 


Applications 


e Error Signal Detector: Temperature Control with 
Thermistor Sensor; Speed Control for Shunt Wound 
DC Motor 


e Over Current, Over Voltage, Over Temperature Protectors 
¢ Dual Tracking Power Supply with CA3085 

e Wide Frequency Range Oscillator 

e Analog Timer 

e Level Detector 

¢ Alarm Systems 

¢ Voltage Follower 

e Ramp Voltage Generator 

e High Power Comparator 

¢ Ground Fault Interrupter (GFl) Circuits 


Pinouts 


CA3094 (PDIP, SOIC) 
TOP VIEW 
EXT. FREQUENCY 


COMPENSATION 4 | 
OR INHIBIT INPUT 


SINK OUTPUT 
8 | (COLLECTOR) 


—__ 
DIFFERENTIAL as 


VOLTAGE INPUTS DRIVE OUTPUT 


(EMITTER) 


15 | lapc CURRENT 


PROGRAMMABLE 
INPUT 
(STROBE OR AGC) 


GND (V- IN DUAL 
SUPPLY OPERATION) 


NOTE: Pin 4 is connected to case. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


f 


~<Ope rational Trans 


CA3094A, 
CA3094B 


30MHz, High Output Current 
conductance Amplifier (OTA) 


3094, 


Description 


The CA3094 is a differential input power control switch/ampli- 
fier with auxiliary circuit features for ease of programmability. 
For example, an error or unbalance signal can be amplified by 
the CA3094 to provide an on-off signal or proportional control 
output signal up to 100mA. This signal is sufficient to directly 
drive high current thyristors, relays, DC loads, or power tran- 
sistors. The CA3094 has the generic characteristics of the 
CA3080 operational amplifier directly coupled to an integral 
Darlington power transistor capable of sinking or driving cur- 
rents up to 100mA. 


The gain of the differential input stage is proportional to the 
amplifier bias current (lapc), permitting programmable 
variation of the integrated circuit sensitivity with either digital 
and/or analog programming signals. For example, at an lagc 
of 100A, a 1mV change at the input will change the output 
from 0 to 100A (typical). 


The CA3094 is intended for operation up to 24V and is 
especially useful for timing circuits, in automotive equipment, 
and in other applications where operation up to 24V is a 
primary design requirement (see Figures 28, 29 and 30 in 
Typical Applications text). The CA3094A and CA3094B are 
like the CA3094 but are intended for operation up to 36V and 
44V, respectively (single or dual supply). 


Ordering Information 
PART NUMBER TEMP. 
(BRAND) RANGE (°C) PACKAGE 
CA3094T, AT, BT | -55to125 |8 Pin Metal Can 
CA3094E, AE, BE -55to125 |8LdPDIP 


CA3094M, AM, BM | -55to 125 |8LdSOIC M8.15 
(3094, A, B) 


CA3094 (METAL CAN) 
TOP VIEW 


SINK OUTPUT 


(COLLECTOR) 


EXT. FREQUENCY 


COMPENSATION OR v 
INHIBIT INPUT + 
DRIVE OUTPUT 
da (6) (emrrrer) 
_ fv 3 lapc CURRENT 


PROGRAMMABLE INPUT 
(STROBE OR AGC) 


DIFFERENTIAL 
VOLTAGE INPUTS 


GND (V- IN DUAL 
SUPPLY OPERATION) 
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Features 


High Open Loop Gain at Video 


Description 
The CA3100 is a large signal wideband, high speed 


FOQUGNICIOS «i ccvcwdccuaw naam 42dB (Typ) at iMHzZ operational amplifier which has a unity gain cross over 
© Unity Gain frequency (f7) of approximately 38MHz and an open loop, 
Crossover Frequency (t7) 38MHz (Typ) 3dB corner frequency of approximately 110kHz. It can 
q i alia dilalelialaah yP operate at a total supply voltage of from 14V to 36V (+7V to 
e Full Power Bandwidth +18V when using split supplies) and can provide at least 
V5 ts TAV sec creonscereauennssees 1.2MHz (Typ) 18Vp.p and 30mAp._p at the output when operating from 
+15V supplies. The CA3100 can be compensated with a 
° Slew Rate single external capacitor and has DC offset adjust terminals 
- 20dB Amplifier .............0..00 70V/us (Typ) for those applications requiring offset null. (See Figure 1). 
> DAY BIR SUMPUGEY sae aes nese ss 25V/us (TYP) The CA3100 circuit contains both bipolar and PMOS transis- 
* Settling TIME fei ceewccssccvecdssas ews 0.6us (Typ) tors on a single monolithic chip. 
* Output CUNCN. 6. occ cescsicxecscowns +15mA (Min) Ordering Information 


e Single Capacitor Compensation PART NUMBER TEMP. = ~ 
¢ Offset Null Terminals (BRAND) RANGE (°C) zor 
Oo Ww 

Applications CA3100M -40t085 |8LdSOIC M8.15 ns 
as (3100) us 

* alee Amp ines CA3100T -55 to 125 | 8 Pin Metal Can o™ 


Fast Peak Detectors 
Meter Driver Amplifiers 


High Frequency Feedback Amplifiers 


Video Pre-Drivers 
Oscillators 

Multivibrators 

Voltage Controlled Oscillator 
Fast Comparators 


Pinouts 
CA3100 CA3100 
(PDIP, SOIC) (METAL CAN) 
TOP VIEW TOP VIEW 
PHASE COMPENSATION PHASE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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PHASE 
COMP AND 
OFFSET NULL 


NON-INV. 
INPUT 


File Number 
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Absolute Maximum Ratings 


Supply Voltage (Between V+ and V- Terminals)............. 36V 
Citterantial Input VONAGE. 62sec ein dha de dewiewsewer eens 12V 
inGut VollegG 16 GIOUNG o2-csiccscauscsviassaceawwes V+ to V- 
Offset Terminal to V- Terminal Voltage.................. +0.5V 
Cluiout CUNENT (NOIG 2) cca ctcaeceeein ext axeeuvenasd oe 50mA 


Operating Conditions 


Temperature Range 
CASIOUE, GASIOOM,. cccccccuswsasanweewnee 
CASIOOT .« avcavewebeereaarenansannoupes 


-40°C to 85°C 
-55°C to 125°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) 


Bya (PCW) jc (CCW) 
PDIP Package ...ccccniceusanasns 1 


00 N/A 


DOIG PACKAGE. 6 ck cae enwesssee ves 165 N/A 

Metal Can Package............... 170 85 
Maximum Junction Temperature (Metal Can)............. 175°C 
Maximum Junction Temperature (Plastic Package) ....... 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. 8ja is measured with the component mounted on an evaluation PC board in free air. 
2. CA3100 does not contain circuitry to protect against short circuits in the output. 


Electrical Specifications = T, = 25°C, Vsyppyy = +15V, Unless Otherwise Specified 


Input Offset Current 


Maximum Output Voltage 


Maximum Output Current 


DYNAMIC 


Open Loop Voltage Gain 


Ao 


Slew Rate 


Full Power Bandwidth (Note 4) 


f 
S 
Z 


PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | MAX UNITS 
DC 


Vo =0+1V 


Common Mode Input Voltage Range CMRR 2 76dB +1 


2 
Common Mode Rejection Ratio CMRR Vom =1+12V 76 
9 


Vomt Differential Input Voltage = 0 +0.1V, 
Ry = 2kQ 


Ry = 2502 


Supply Current Vo = 0 +0.1V, Ry 2 10kQ 
Power Supply Rejection Ratio PSRR AV+ =+1V, AV- =+1V 


Unity-Gain Crossover Frequency Co =0, Vo = 0.3Vp_p 


f = 1kHz, Vo = £1V, (Note 3) 56 


i. 
merce 
R Ay = 10, Cg = 0, V; = 1V (Pulse) 
a Ay = 1, Co = 10pF, V; = 10V (Pulse) 
| 


Ay = 1, Cc = 10pF, Vo = 18Vp.p 


Open Loop Differential Input Impedance | 4 f = 1MHz 
Open Loop Output Impedance f = 1MHz 


+0.05 +0.4 


+14 


ni 
oe 


Differential Input Voltage = 0 + 0.1V, +15 +30 mA 
-15 mA 


8 10.5 


= 
> 


Ff 


' 
: i¢) 


3 


fee) 


MHz 


fo») 


4 


Nh 


<a eee 
. SS oe = 


EG 


36 
0 


oa 


N 
oO 


V/us 


V/us 


MHz 
MHz 


3 


ro) 
ee 
~ 


110 
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Electrical Specifications = T, = 25°C, Vsyppyy = +15V, Unless Otherwise Specified (Continued) 


PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 
Wideband Noise Voltage (RT!) } en (Total) | BW = 1MHz, Rg = 1kQ ee ae 


Settling Time (To Within +50mvV of 9V ane 2kQ, Cy = 20pF 
Output Swing) 


NOTES: 
3. Low frequency dynamic characteristic. 
4. Full Power Bandwidth = See Bale 
TVOP-P 
Test Circuits 
Vv 
. Ao = | 8oL V+ 
Vi 
puke U SLOPE = SR 
TT P 0.1,F 
Mi did 
@ « = > — 
Y D (3) = Vo 
[O} 0 Vo 7 
Vi 512 20DF (6) 0) xl 
@ @ p 2kQ qn 
HP606A ¥ = 2 @) zo 
: 1V O wl 
OR s) WITH V, = 0 ADJ PULSE =i 
EQUIV @ (5) POTENTIO- . 2 46ns ss 4) anh G5 
METER (Rx) R 20 
(8) “To-tne tWIDTH ca 
== als _. TOGIVE > ts pF wus 
— = = = = = Vo9=0+0.1Vpc Og 
SET V, TO GIVE Cc Ry O 
DESIRED Vo LEVEL 10kQ 2200 
AT TEST FREQUENCY NULL ADJUST AT FREQUENCY > 1MHz V, 
POTENTIOMETER AND Vo MEASURED WITH =e [oe ee = m= aM 
HF8405A VECTOR = = _ = = 
VOLTMETER 
FIGURE 1. OPEN-LOOP VOLTAGE GAIN TEST CIRCUIT AND FIGURE 2. SLEW RATE IN 10X AMPLIFIER TEST CIRCUIT 


OFFSET ADJUST CIRCUIT 


ee | 


10pF V+ 


+15V 
INPUT REFERRED 
) SLOPE = SR NOISE VOLTAGE 
0.1F _°NO 
[O}-9—(3) biol Vo POST AMPL. AND 
6) 2 POLE 1MHz 
510 (6) FILTER 

© C ” 

+10V (5) 

PULSE Rs 

tr <10ns tt 

twiDTH 2 118 -_ = 

S00pF 0.1,F 
(4) -— NO 
7 OO V- - — — — -15V — — 
FIGURE 3. FOLLOWER SLEW RATE TEST CIRCUIT FIGURE 4. WIDEBAND INPUT NOISE VOLTAGE TEST CIRCUIT 
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Test Circuits (Continued) 


1pF 


+15V ¢ Ry = 2502 FOR Ioy TEST 


9 SETTLING POINT TO SCOPE 


FIGURE 5. OUTPUT VOLTAGE SWING (Vo,y), OUTPUT FIGURE 6. SETTLING TIME TEST CIRCUIT 
CURRENT SWING (lon) TEST CIRCUIT 


Schematic Diagram 


INPUT OUTPUT 


OFFSET 
NULL 


R17 R19 Rig OFFSET 
6002 6002 15002 NULL 
V- AND PHASE 
COMP 
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Typical Applications 


+15V ¢ 


INPUT 9 33, 
OUTPUT 


TOTAL INPUT NOISE 
VOLTAGE REFERRED TO 
INPUT = 35uVams 


FIGURE 7. 20dB VIDEO AMPLIFIER 


+15V q 


2N2102 


Vo (DC) = 
+V; PEAK 


1000pF 


-15V © 
FIGURE 9. FAST POSITIVE PEAK DETECTOR 


Typical Performance Curves 


2] 
@ 70 tu 
oe ee fc 
z col +s g 
< Lt TUS ATES a 
S LOLI NN ON E 
o [LT ITT TINNED ST 270 = 
fi 4o_|_| INNA 225 w 
-180 
= sof Ltt TTT WR 135 = 
a ii 90 o 
Z . 
® soit Z 
“ue a 
ol | | 
0.001 0.01 0.1 1 10 100 
FREQUENCY (MHz) 


FIGURE 11. OPEN LOOP GAIN, OPEN LOOP PHASE SHIFT vs 
FREQUENCY 


-3dB BANDWIDTH = 20MHz 
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+15V © 


3dB BANDWIDTH = 15MHz 
Ac, = 20dB 


2N5320 


INPUT 
OUTPUT TO 
TERMINATED 
0.33F 50Q TRANS- 
MISSION LINE 


DELIVERS FOLLOWING 
PEAK VOLTAGES TO 
50Q LINE: 


GAIN = 20dB 
-15V 


FIGURE 8. 20dB VIDEO LINE DRIVER 


ZERO ADJ 


2002 =. 20kQ ‘oes 
10pF 
— a on 
INPUT > 5tkK2 (1) @ 0.1,F 'VRMs 2a 
IMPEDANCE (8) FULL SCALE fe) us 
~ 50kQ = 
= 1N914 q 3 
i Oo oo 
(6) A us 
LEADS a = 
‘1 © ” 
FULL 
SCALE 
Dc 
“15V ¢ 2500 Por, 3302 | METER 
oe FULL SCALE 
~ CALIBRATION 
ADJUST 


FIGURE 10. 1MHz METER-DRIVER AMPLIFIER 


OPEN LOOP VOLTAGE GAIN (dB) 


0.001 


0.1 
FREQUENCY (MHz) 


10 


FIGURE 12. OPEN LOOP GAIN vs FREQUENCY 


CA3100 


Typical Performance Curves (continued) 


o COTES 
TUT TTINS 
UIE 


70 


> | 
7D 4 
r. | 


MN 
ANN II || 


a x 
CTT ISNT 
COCCI TT 
CCHIT CITA HINNT 


0 
0.001 0.01 0. 100 
FREQUENCY (MHz) 


OPEN LOOP VOLTAGE GAIN (dB) 


FIGURE 13. OPEN LOOP GAIN vs FREQUENCY 


SLEW RATE (V/us) 


COMP CAP PINS 1 TO 8 (pF) 


FIGURE 15. SLEW RATE vs COMPENSATION CAPACITANCE 


BW AT 6dB = 1MHz 


TOTAL INPUT REFERRED NOISE VOLTAGE 
(uVRMs) 


SOURCE RESISTANCE (Q) 


FIGURE 17. WIDEBAND INPUT NOISE VOLTAGE vs SOURCE 
RESISTANCE 


COMP CAP PINS 1 TO 8 (pF) 


0 6 (0) 10 (6) 20 (19.1) 


NONINVERTING GAIN (dB), INVERTING GAIN (dB) 
CLOSED LOOP GAIN (dB) 


FIGURE 14. REQUIRED COMPENSATION CAPACITANCE vs 
CLOSED LOOP GAIN 


HEWLETT 
PACKARD 

9 VECTOR 
IMPEDANCE 
METER4815A 


OPEN LOOP OUTPUT IMPEDANCE (2) 


FREQUENCY (MHz) 


FIGURE 16. TYPICAL OPEN LOOP OUTPUT IMPEDANCE vs 
FREQUENCY 


OPEN LOOP DIFFERENTIAL INPUT 
IMPEDANCE (Q) 
a a 
ae i A i 
St oto 
ALT ET 


FREQUENCY (MHz) 


FIGURE 18. TYPICAL OPEN LOOP DIFFERENTIAL INPUT 
IMPEDANCE vs FREQUENCY 
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Typical Performance Curves (Continued) 


25 S 
) : 
Vs =+15V = 
20 nes eo re ee i. < 
r— O 
— t= ¢ 
W 46 ar 
O fe) 
< CIRCUIT FIG. 3 CIRCUIT FIG. 2 > 
a (FOLLOWER) 10X AMPL E 
10 L Z 
: | iil : 
= fe) 
= | 

O 5 - 
ut : 
UN = 
0 Bw 9 

0.01 0.1 1 10 100 0 +25 +5 +75 +10 +12.55 +15 +17.5 +20 

FREQUENCY (MHz) SUPPLY VOLTAGE (V) 
FIGURE 19. MAXIMUM OUTPUT VOLTAGE SWING vs FIGURE 20. COMMON MODE INPUT VOLTAGE RANGE vs 
FREQUENCY SUPPLY VOLTAGE 


anal 
a ap 

S Zo 
: Z 2 i 

< 
< E qo 
5 Ee ic, oe 
> a ws 
a aH 
= 5 fo) 
5 Oo 
Oo a 
= a 
: = 
*< 
< 
= 

: 0 42.55 +5 47.5 +10 +4125 +415 +175 +20 0 42.5 +5 +7.55 +10 +12.55 +15 +17.5 +20 
SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (V) 

FIGURE 21. MAXIMUM OUTPUT VOLTAGE vs SUPPLY VOLTAGE FIGURE 22. SUPPLY CURRENT vs SUPPLY VOLTAGE 


INPUT BIAS CURRENT (1A) 


SUPPLY VOLTAGE (V) 


FIGURE 23. INPUT BIAS CURRENT vs SUPPLY VOLTAGE 
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Features 


¢ MOSFET Input Stage Provides: 
- Very High Z; = 1.5 TQ (1.5 x 10'20) (Typ) 
- Very Low |, = 5pA (Typ) at 15V Operation 
= 2pA (Typ) at 5V Operation 
e Ideal for Single-Supply Applications 
¢ Common-Mode Input-Voltage Range Includes 


Negative Supply Rail; Input Terminals can be Swung 
0.5V Below Negative Supply Rail 


¢ CMOS Output Stage Permits Signal Swing to Either 
(or both) Supply Rails 


Applications 


Ground-Referenced Single Supply Amplifiers 
Fast Sample-Hold Amplifiers 
Long-Duration Timers/Monostables 


High-Input-impedance Comparators 
(Ideal Interface with Digital CMOS) 


High-Input-Impedance Wideband Amplifiers 

Voltage Followers (e.g. Follower for Single-Supply D/A 
Converter) 

Voltage Regulators (Permits Control of Output Voltage 
Down to OV) 

Peak Detectors 

Single-Supply Full-Wave Precision Rectifiers 
Photo-Diode Sensor Amplifiers 


Pinouts 


CA3131, CA3130A 
(PDIP, SOIC) 
TOP VIEW TOP VIEW 


PHASE 
COMPENSATION yap 


[5] OFFSET 


NULL INV. 


INPUT 


NON-INV. 
INPUT 


V- AND CASE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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CA3130, CA3130A 
(METAL CAN) 


CA3130, CA3130A 


15MHz, BiMOS Operational Amplifier 
with MOSFET Input/CMOS Output 


Description 


CA3130A and CA3130 are op amps that combine the 
advantage of both CMOS and bipolar transistors. 


Gate-protected P-Channel MOSFET (PMOS) transistors are 
used in the input circuit to provide very-high-input 
impedance, very-low-input current, and exceptional speed 
performance. The use of PMOS transistors in the input stage 
results in common-mode input-voltage capability down to 
0.5V below the negative-supply terminal, an important 
attribute in single-supply applications. 


A CMOS transistor-pair, capable of swinging the output volt- 
age to within 10mV of either supply-voltage terminal (at very 
high values of load impedance), is employed as the output 
Circuit. 


The CA3130 Series circuits operate at supply voltages 
ranging from 5V to 16V, (+2.5V to +8V). They can be phase 
compensated with a single external capacitor, and have ter- 
minals for adjustment of offset voltage for applications 
requiring offset-null capability. Terminal provisions are also 
made to permit strobing of the output stage. 


The CA3130A offers superior input characteristics over 
those of the CA3130. 


Ordering Information 
TEMP. 
RANGE 


PART NO. 

(BRAND) (°C) PACKAGE 
CA3130AE 8 Ld PDIP 
CA3130AM_ | -55to 125 |8Ld SOIC M8.15 
(3130A) 
CA3130AM96 | -55to 125 | 8LdSOIC (Note) | M8.15 
(3130A) 


STROBE 


CA3130AT 55 to 125 | 8 Pin Metal Can 


CA3130BT 8 Pin Metal Can 
CA3130E 8 Ld PDIP 


5 

5 
CA3130M -55 to 125 |8Ld SOIC M8.15 
(3130) 
CA3130M96 | -55to 125 | 8Ld SOIC (Note) |M8.15 
(3130) 


CA3130T -55 to 125 | 8 Pin Metal Can 


NOTE: Denotes Tape and Reel. 


817.3 


File Number 


CA3130, CA3130A 


Absolute Maximum Ratings 


DC Supply Voltage (Between V+ And V- Terminals) ......... 16V 
DUISPer ites (NDI VOREUG: 6k ca ccck a eho Sano eas ewan en <e 8V 
DG PU VONBOR «ssc ork e eis eeeadniuvas (V+ +8V) to (V- -0.5V) 
Input-Terminal Current .......... 0.0.00. cc eee eee eee ees 1mA 
Output Short-Circuit Duration (Note 1)................ Indefinite 


Operating Conditions 


Temperature Range «2s. cise dwcdscewewrea ven -50°C to 125°C 


Thermal Information 


Thermal Resistance (Typical, Note 2) Bya (CCIW) 8yc (CCW) 


POP PACHA c+ sc cteexessGnaewss 100 N/A 

SOIC Package ...c.ssccsccvsczwas 160 N/A 

Metal Can Package............... 170 85 
Maximum Junction Temperature (Metal Can Package)....... 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. Short circuit may be applied to ground or to either supply. 


2. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications = T, = 25°C, V+ = 15V, V- = 


TEST 


Input Offset Voltage AVI9/AT 

Temperature Drift 

Input Offset Current | til | 

Input Current pooh Vg = 47.5V 

Large-Signal Voltage Gain 

Common-Mode CMRR 

Rejection Ratio 

Common-Mode Input VICR 

Voltage Range 

Power-Supply AVip/AVS | Vg =+7.5V 

Rejection Ratio 

Maximum Output Voltage Ry = 2kQ 
Tor [Ree 
Lo 


Maximum Output Current 


Supply Current 


< 
no 
T 
+ 
7 
on 
<= 
ro) 


o>) 
ine) 


OV, Unless Otherwise Specified 


CA3130 CA3130A 


UNITS 


-0.5 to 


= 
< <= <= < he 
®) 
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CA3130, CA3130A 


Electrical Specifications Typical Values Intended Only for Design Guidance, Vgyppiy = +7.5V, Ta = 25°C 
Unless Otherwise Specified 


CA3130, 
PARAMETER SYMBOL TEST CONDITIONS CA3130A UNITS 


Input Offset Voltage Adjustment Range he 10kQ Across Terminals 4 and 5 = 
or 4 and 1 


Equivalent Input Noise Voltage BW = 0.2MHz, Rs = 1MQ 


Open Loop Unity Gain Crossover Frequency 
(For Unity Gain Stability >47pF Required.) 
Slew Rate: 
Open Loop 
Closed Loop 
Transient Response: 
Rise Time 
Overshoot 


Settling Time (To <0.1%, Vix, = 4Vp-_p) 


NOTE: 
3. Although a 1MQ source is used for this test, the equivalent input noise remains constant for values of Rg up to 10MQ. 


Electrical Specifications —= Typical Values Intended Only for Design Guidance, V+ = 5V, V- = OV, Ta = 25°C 
Unless Otherwise Specified (Note 4) 


[rename Tax [vesrcononos [one [ein [ war 
a 
Cn a A A I 
a 


Large-Signal Voltage Gain Vo = 4Vp-p, Ru = 5kQ i oe kV/V 


* me — ete 


NOTE: 
4. Operation at 5V is not recommended for temperatures below 25°C. 
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Schematic Diagram 


Pee we eee SS eS ae 3 PS 2S 2 eS eS wee SS eS eS eS i | 
\ ; CURRENT SOURCE FOR j 
1 BIAS CIRCUIT ae | Qs AND Q7 I 
1 

1 ' 
1 +1/Q;]} 1 1 Qe 1 
I 1 

I 1 ot l 
| Dy | I 
1 Z 1 oi I 
! av—t? tt | Qs ! 
I D3 1! i 
1 1! i 
1 Ry D4 1 | \ 
1 

1 

1 

1 

1 


NON-INV. 
INPUT 


O- 
INV.-INPUT 1 


(2)— 


ph ia ee eo a, fe _ 
I 


“CURRENT SOURCE 
LOAD” FORQy;, , 


: 


Qs 


Q3 


SECOND 
STAGE 


Cw BS SS SS SS SS SSS | 

l OUTPUT I 

1 STAGE Qg 1 

1 
<> OUTPUT 
| | 1 (6) 

i 

1 

Q12 : 

1 

i 

1 

1 

‘ 

t 

re ee ee ee ee ee ee ee af 


(5) < OFFSET NULL ->(1)~<—— COMPENSATION ——»(8)~— STROBING —>(4) V- 


NOTE: 


5. Diodes Ds through Dg provide gate-oxide protection for MOSFET input stage. 


Application Information 


Circuit Description 


Figure 1 is a block diagram of the CA3130 Series CMOS 
Operational Amplifiers. The input terminals may be operated 
down to 0.5V below the negative supply rail, and the output 
can be swung very close to either supply rail in many 
applications. Consequently, the CA3130 Series circuits are 
ideal for single-supply operation. Three Class A amplifier 
stages, having the individual gain capability and current 
consumption shown in Figure 1, provide the total gain of the 
CA3130. A biasing circuit provides two potentials for 
common use in the first and second stages. Terminal 8 can 
be used both for phase compensation and to strobe the out- 
put stage into quiescence. When Terminal 8 is tied to the 
negative supply rail (Terminal 4) by mechanical or electrical 
means, the output potential at Terminal 6 essentially rises to 
the positive supply-rail potential at Terminal 7. This condition 
of essentially zero current drain in the output stage under the 
strobed “OFF” condition can only be achieved when the 
ohmic load resistance presented to the amplifier is very high 


(e.g.,when the amplifier output is used to drive CMOS digital 
circuits in Comparator applications). 


Input Stage 


The circuit of the CA3130 is shown in the schematic diagram. 
It consists of a differential-input stage using PMOS field-effect 
transistors (Qg, Q7) working into a mirror-pair of bipolar tran- 
sistors (Qg, Qj9) functioning as load resistors together with 
resistors Rg through Rg. The mirror-pair transistors also func- 
tion as a differential-to-single-ended converter to provide base 
drive to the second-stage bipolar transistor (Q14). Offset null- 
ing, when desired, can be effected by connecting a 100,000Q 
potentiometer across Terminals 1 and 5 and the potentiome- 
ter slider arm to Terminal 4. Cascade-connected PMOS 
transistors Qo, Q4 are the constant-current source for the 
input stage. The biasing circuit for the constant-current source 
is subsequently described. The small diodes Ds through Dg 
provide gate-oxide protection against high-voltage transients, 
including static electricity during handling for Qg and Q7. 
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CA3130, CA3130A 


Fess se sess =ss2286es2s" 22s 4 
1 CA3130 - 


8mA 
(NOTE 5) 
OmA 

(NOTE 7) 


OUTPUT 


OFFSET (WHEN REQUIRED) 


NULL 


NOTES: 
6. Total supply voltage (for indicated voltage gains) = 15V with input 
terminals biased so that Terminal 6 potential is +7.5V above Ter- 
minal 4. 


7. Total supply voltage (for indicated voltage gains) = 15V with out- 
put terminal driven to either supply rail. 


FIGURE 1. BLOCK DIAGRAM OF THE CA3130 SERIES 


Second-Stage 


Most of the voltage gain in the CA3130 is provided by the 
second amplifier stage, consisting of bipolar transistor Qy4 
and its cascade-connected load resistance provided by 
PMOS transistors Q3 and Qs. The source of bias potentials 
for these PMOS transistors is subsequently described. Miller 
Effect compensation (roll-off) is accomplished by simply 
connecting a small capacitor between Terminals 1 and 8. A 
47pF capacitor provides sufficient compensation for stable 
unity-gain operation in most applications. 


Bias-Source Circuit 


At total supply voltages, somewhat above 8.3V, resistor Ro 
and zener diode Z, serve to establish a voltage of 8.3V across 
the series-connected circuit, consisting of resistor R;, diodes 
D, through D4, and PMOS transistor Q,. A tap at the junction 
of resistor Ry and diode D4 provides a gate-bias potential of 
about 4.5V for PMOS transistors Q4 and Qs with respect to 
Terminal 7. A potential of about 2.2V is developed across 
diode-connected PMOS transistor Q; with respect to Terminal 
7 to provide gate bias for PMOS transistors Qo and Qs. It 
should be noted that Q, is “mirror-connected (see Note 8)” to 
both Qo and Q3. Since transistors Q;, Qo, Q3 are designed to 
be identical, the approximately 200A current in Q, estab- 
lishes a similar current in Qo and Qg3 as constant current 
sources for both the first and second amplifier stages, respec- 
tively. 


At total supply voltages somewhat less than 8.3V, zener 
diode Z; becomes nonconductive and the _ potential, 
developed across series-connected Rj, Dy-D4, and Q;, var- 
ies directly with variations in supply voltage. Consequently, 
the gate bias for Q4, Qs and Qo, Q3 varies in accordance 
with supply-voltage variations. This variation results in 


deterioration of the power-supply-rejection ratio (PSRR) at | 
total supply voltages below 8.3V. Operation at total supply 
voltages below about 4.5V results in seriously degraded 
performance. 


Output Stage 


The output stage consists of a drain-loaded inverting ampli- 
fier using CMOS transistors operating in the Class A mode. 
When operating into very high resistance loads, the output 
can be swung within millivolts of either supply rail. Because 
the output stage is a drain-loaded amplifier, its gain is 
dependent upon the load impedance. The transfer charac- 
teristics of the output stage for a load returned to the nega- 
tive supply rail are shown in Figure 2. Typical op amp loads 
are readily driven by the output stage. Because large-signal 
excursions are non-linear, requiring feedback for good wave- 
form reproduction, transient delays may be encountered. As 
a voltage follower, the amplifier can achieve 0.01% accuracy 
levels, including the negative supply rail. 


NOTE: 


8. For general information on the characteristics of CMOS transis- 
tor-pairs in linear-circuit applications, see File Number 619, data 
sheet on CA3600E “CMOS Transistor Array”. 


OUTPUT VOLTAGE (TERMINALS 4 AND 8) (V) 


0 2.5 5 7.5 10 


12.5 15 
GATE VOLTAGE (TERMINALS 4 AND 8) (V) 


17.5 20 22.5 


FIGURE 2. VOLTAGE TRANSFER CHARACTERISTICS OF 
CMOS OUTPUT STAGE 


Input Current Variation with Common Mode Input 
Voltage 


As shown in the Table of Electrical Specifications, the input 
current for the CA3130 Series Op Amps is typically 5pA at 
Ta = 25°C when Terminals 2 and 3 are at a common-mode 
potential of +7.5V with respect to negative supply Terminal 4. 
Figure 3 contains data showing the variation of input current 
as a function of common-mode input voltage at Tp, = 25°C. 
These data show that circuit designers can advantageously 
exploit these characteristics to design circuits which typically 
require an input current of less than 1pA, provided the com- 
mon-mode input voltage does not exceed 2V. As previously 
noted, the input current is essentially the result of the leakage 
current through the gate-protection diodes in the input circuit 
and, therefore, a function of the applied voltage. Although the 
finite resistance of the glass terminal-to-case insulator of the 
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metal can package also contributes an increment of leakage 
current, there are useful compensating factors. Because the 
gate-protection network functions as if it is connected to Ter- 
minal 4 potential, and the Metal Can case of the CA3130 is 
also internally tied to Terminal 4, input Terminal 3 is essen- 
tially “guarded” from spurious leakage currents. 


INPUT VOLTAGE (V) 


1 0 1 2 3 4 #5 6 7 
INPUT CURRENT (pA) 


FIGURE 3. INPUT CURRENT vs COMMON-MODE VOLTAGE 


Offset Nulling 


Offset-voltage nulling is usually accomplished with a 
100,000Q potentiometer connected across Terminals 1 and 
5 and with the potentiometer slider arm connected to 
Terminal 4. A fine offset-null adjustment usually can be 
effected with the slider arm positioned in the mid-point of the 
potentiometer’s total range. 


Input-Current Variation with Temperature 


The input current of the CA3130 Series circuits is typically 
5pA at 25°C. The major portion of this input current is due to 
leakage current through the gate-protective diodes in the input 
circuit. As with any semiconductor-junction device, including 
op amps with a junction-FET input stage, the leakage current 
approximately doubles for every 10°C increase in tempera- 
ture. Figure 4 provides data on the typical variation of input 
bias current as a function of temperature in the CA3130. 
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FIGURE 4. INPUT CURRENT vs TEMPERATURE 


-80 -60 -40 -20 100 120 140 


CA3130A 


In applications requiring the lowest practical input current 
and incremental increases in current because of “warm-up” 
effects, it is suggested that an appropriate heat sink be used 
with the CA3130. In addition, when “sinking” or “sourcing” 
significant output current the chip temperature increases, 
causing an increase in the input current. In such cases, heat- 
sinking can also very markedly reduce and stabilize input 
current variations. 


Input Offset Voltage (Vio) Variation with DC Bias and 
Device Operating Life 


It is well Known that the characteristics of a MOSFET device 
can change slightly when a DC gate-source bias potential is 
applied to the device for extended time periods. The magni- 
tude of the change is increased at high temperatures. Users 
of the CA3130 should be alert to the possible impacts of this 
effect if the application of the device involves extended oper- 
ation at high temperatures with a significant differential DC 
bias voltage applied across Terminals 2 and 3. Figure 5 
shows typical data pertinent to shifts in offset voltage 
encountered with CA3130 devices (metal can package) dur- 
ing life testing. At lower temperatures (metal can and plas- 
tic), for example at 85°C, this change in voltage is 
considerably less. In typical linear applications where the dif- 
ferential voltage is small and symmetrical, these incremental 
changes are of about the same magnitude as those encoun- 
tered in an operational amplifier employing a bipolar transis- 
tor input stage. The 2Vpc differential voltage example 
represents conditions when the amplifier output stage is 
“toggled”, e.g., as in comparator applications. 


DIFFERENTIAL DC VOLTAGE 


(ACROSS TERMINALS 2 AND 3) = 2V 
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OFFSET VOLTAGE SHIFT (mV) 
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FIGURE 5. TYPICAL INCREMENTAL OFFSET-VOLTAGE 
SHIFT vs OPERATING LIFE 
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FIGURE 6B. SINGLE POWER SUPPLY OPERATION 


FIGURE 6. CA3130 OUTPUT STAGE IN DUAL AND SINGLE 
POWER SUPPLY OPERATION 


Power-Supply Considerations 


Because the CA3130 is very useful in single-supply applica- 
tions, it is pertinent to review some considerations relating to 
power-supply current consumption under both single-and 
dual-supply service. Figures 6A and 6B show the CA3130 
connected for both dual-and single-supply operation. 


Dual-supply Operation: When the output voltage at Terminal 
6 is OV, the currents supplied by the two power supplies are 
equal. When the gate terminals of Qg and Qyjo are driven 
increasingly positive with respect to ground, current flow 
through Q yo (from the negative supply) to the load is 
increased and current flow through Qg (from the positive 
supply) decreases correspondingly. When the gate terminals 
of Qg and Qo are driven increasingly negative with respect 
to ground, current flow through Qg is increased and current 
flow through Qo is decreased accordingly. 


Single-supply Operation: Initially, let it be assumed that the 
value of Ri is very high (or disconnected), and that the input- 
terminal bias (Terminals 2 and 3) is such that the output termi- 
nal (No. 6) voltage is at V+/2, i.e., the voltage drops across Qg 
and Qj» are of equal magnitude. Figure 20 shows typical qui- 
escent supply-current vs supply-voltage for the CA3130 oper- 
ated under these conditions. Since the output stage is 
operating as a Class A amplifier, the supply-current will 
remain constant under dynamic operating conditions as long 
as the transistors are operated in the linear portion of their 
voltage-transfer characteristics (see Figure 2). If either Qg or 
Qy2 are swung out of their linear regions toward cut-off (a 
non-linear region), there will be a corresponding reduction in 
supply-current. In the extreme case, e.g., with Terminal 8 


swung down to ground potential (or tied to ground), NMOS 
transistor Qy5 is completely cut off and the supply-current to 
series-connected transistors Qg, Qy2 goes essentially to zero. 
The two preceding stages in the CA3130, however, continue 
to draw modest supply-current (see the lower curve in Figure 
20) even though the output stage is strobed off. Figure 6A 
shows a dual-supply arrangement for the output stage that 
can also be strobed off, assuming R,_ = ~ by pulling the poten- 
tial of Terminal 8 down to that of Terminal 4. 


Let it now be assumed that a load-resistance of nominal 
value (e€.g., 2kQ) is connected between Terminal 6 and 
ground in the circuit of Figure 6B. Let it be assumed again 
that the input-terminal bias (Terminals 2 and 3) is such that 
the output terminal (No. 6) voltage is at V+/2. Since PMOS 
transistor Qg must now supply quiescent current to both Ry 
and transistor Qy9, it should be apparent that under these 
conditions the supply-current must increase as an inverse 
function of the Ry magnitude. Figure 22 shows the voltage- 
drop across PMOS transistor Qg as a function of load cur- 
rent at several supply voltages. Figure 2 shows the voltage- 
transfer characteristics of the output stage for several values 
of load resistance. 


Wideband Noise 


From the standpoint of low-noise performance consider- 
ations, the use of the CA3130 is most advantageous in appli- 
cations where in the source resistance of the input signal is 
on the order of 1MQ or more. In this case, the total input- 
referred noise voltage is typically only 23uV when the test- 
circuit amplifier of Figure 7 is operated at a total supply volt- 
age of 15V. This value of total input-referred noise remains 
essentially constant, even though the value of source resis- 
tance is raised by an order of magnitude. This characteristic 
is due to the fact that reactance of the input capacitance 
becomes a significant factor in shunting the source resis- 
tance. It should be noted, however, that for values of source 
resistance very much greater than 1MQ, the total noise volt- 
age generated can be dominated by the thermal noise con- 
tributions of both the feedback and source resistors. 


+7.5V 


NOISE 
9 VOLTAGE 
OUTPUT 


30.1kQ 


BW (-3dB) = 200kHz 
TOTAL NOISE VOLTAGE (REFERRED 
TO INPUT) = 23,:V (TYP) =— 


FIGURE 7. TEST-CIRCUIT AMPLIFIER (30-dB GAIN) USED 
FOR WIDEBAND NOISE MEASUREMENTS 
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Typical Applications 


Voltage Followers 


Operational amplifiers with very high input resistances, like 
the CA3130, are particularly suited to service as voltage 
followers. Figure 8 shows the circuit of a classical voltage fol- 
lower, together with pertinent waveforms using the CA3130 
in a split-supply configuration. 


A voltage follower, operated from a single supply, is shown in 
Figure 9, together with related waveforms. This follower cir- 
cuit is linear over a wide dynamic range, as illustrated by the 
reproduction of the output waveform in Figure 9A with input- 
signal ramping. The waveforms in Figure 9B show that the 
follower does not lose its input-to-output phase-sense, even 
though the input is being swung 7.5V below ground poten- 
tial. This unique characteristic is an important attribute in 
both operational amplifier and comparator applications. Fig- 
ure 9B also shows the manner in which the CMOS output 
stage permits the output signal to swing down to the nega- 
tive supply-rail potential (i.e., ground in the case shown). The 
digital-to-analog converter (DAC) circuit, described later, 
illustrates the practical use of the CA3130 in a single-supply 
voltage-follower application. 


9-Bit CMOS DAC 


A typical circuit of a 9-bit Digital-to-Analog Converter (DAC) . 


is shown in Figure 10. This system combines the concepts of 
multiple-switch CMOS ICs, a low-cost ladder network of dis- 
crete metal-oxide-film resistors, a CA3130 op amp con- 
nected as a follower, and an inexpensive monolithic 
regulator in a simple single power-supply arrangement. An 
additional feature of the DAC is that it is readily interfaced 
with CMOS input logic, e.g., 10V logic levels are used in the 
circuit of Figure 10. 


The circuit uses an R/2R voltage-ladder network, with the 
output potential obtained directly by terminating the ladder 
arms at either the positive or the negative power-supply ter- 
minal. Each CD4007A contains three “inverters”, each 
“inverter” functioning as a single-pole double-throw switch to 
terminate an arm of the R/2R network at either the positive 
or negative power-supply terminal. The resistor ladder is an 
assembly of 1% tolerance metal-oxide film resistors. The five 
arms requiring the highest accuracy are assembled with 
series and parallel combinations of 806,000Q resistors from 
the same manufacturing lot. 


A single 15V supply provides a positive bus for the CA3130 
follower amplifier and feeds the CA3085 voltage regulator. A 
“scale-adjust” function is provided by the regulator output 


‘control, set to a nominal 10V level in this system. The line- 


voltage regulation (approximately 0.2%) permits a 9-bit 
accuracy to be maintained with variations of several volts in 
the supply. The flexibility afforded by the CMOS building 
blocks simplifies the design of DAC systems tailored to par- 
ticular needs. 


Single-Supply, Absolute-Value, Ideal Full-Wave Rectifier 


The absolute-value circuit using the CA3130 is shown in 
Figure 11. During positive excursions, the input signal is fed 
through the feedback network directly to the output. 
Simultaneously, the positive excursion of the input signal 
also drives the output terminal (No. 6) of the inverting 
amplifier in a negative-going excursion such that the 1N914 
diode effectively disconnects the amplifier from the signal 
path. During a negative-going excursion of the input signal, 
the CA3130 functions as a normal inverting amplifier with a 
gain equal to -Ro/R;. When the equality of the two equations 
shown in Figure 11 is satisfied, the full-wave output is 
symmetrical. 


Peak Detectors 


Peak-detector circuits are easily implemented with the 
CA3130, as illustrated in Figure 12 for both the peak-positive 
and the peak-negative circuit. It should be noted that with 
large-signal inputs, the bandwidth of the peak-negative cir- 
cuit is much less than that of the peak-positive circuit. The 
second stage of the CA3130 limits the bandwidth in this 
case. Negative-going output-signal excursion requires a pos- 
itive-going signal excursion at the collector of transistor Q, 4, 
which is loaded by the intrinsic capacitance of the associ- 
ated circuitry in this mode. On the other hand, during a neg- 
ative-going signal excursion at the collector of Qy,, the 
transistor functions in an active “pull-down” mode so that the 
intrinsic capacitance can be discharged more expeditiously. 
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FIGURE 10. 9-BIT DAC USING CMOS DIGITAL SWITCHES AND CA3130 
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FIGURE 11. SINGLE SUPPLY, ABSOLUTE VALUE, IDEAL FULL-WAVE RECTIFIER WITH ASSOCIATED WAVEFORMS 
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FIGURE 12. PEAK-DETECTOR CIRCUITS 
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FIGURE 14. VOLTAGE REGULATOR CIRCUIT (0.1V TO 50V AT 1A) 


Error-Amplifier in Regulated-Power Supplies 


The CA3130 is an ideal choice for error-amplifier service in 
regulated power supplies since it can function as an error- 
amplifier when the regulated output voltage is required to 
approach zero. Figure 13 shows the schematic diagram of a 
40mA power supply capable of providing regulated output 
voltage by continuous adjustment over the range from OV to 
13V. Q3 and Qy in ICo (a CA3086 transistor-array IC) func- 
tion as zeners to provide supply-voltage for the CA3130 
comparator (IC). Qy, Qo, and Qs in ICs are configured as a 
low impedance, temperature-compensated source of adjust- 
able reference voltage for the error amplifier. Transistors Q;, 
Qo, Q3, and Qy, in IC3 (another CA3086 transistor-array IC) 
are connected in parallel as the series-pass element. Tran- 
sistor Qs in IC3 functions as a current-limiting device by 
diverting base drive from the series-pass transistors, in 
accordance with the adjustment of resistor Ro. 


Figure 14 contains the schematic diagram of a regulated 
power-supply capable of providing regulated output voltage 
by continuous adjustment over the range from 0.1V to 50V 
and currents up to 1A. The error amplifier (IC;) and circuitry 
associated with IC function as previously described, 
although the output of IC; is boosted by a discrete transistor 
(Q4) to provide adequate base drive for the Darlington-con- 
nected series-pass transistors Q;, Qo. Transistor Qg func- 
tions in the previously described current-limiting circuit. 


Multivibrators 


The exceptionally high input resistance presented by the 
CA3130 is an attractive feature for multivibrator circuit 
design because it permits the use of timing circuits with high 
R/C ratios. The circuit diagram of a pulse generator (astable 
multivibrator), with provisions for independent control of the 
“on” and “off” periods, is shown in Figure 15. Resistors R, 
and Ro are used to bias the CA3130 to the mid-point of the 
supply-voltage and Rg is the feedback resistor. The pulse 
repetition rate is selected by positioning S; to the desired 
position and the rate remains essentially constant when the 
resistors which determine “on-period” and “off-period” are 
adjusted. 


Function Generator 


Figure 16 contains a schematic diagram of a function genera- 
tor using the CA3130 in the integrator and threshold detector 
functions. This circuit generates a triangular or square-wave 
output that can be swept over a 1,000,000:1 range (0.1Hz to 
100kHz) by means of a single control, Rj. A voltage-control 
input is also available for remote sweep-control. 


The heart of the frequency-determining system is an opera- 
tional-transconductance-amplifier (OTA) (see Note 10), IC;, 
operated as a voltage-controlled current-source. The output, 
lo, is a current applied directly to the integrating capacitor, Cy, 
in the feedback loop of the integrator IC2, using a CA3130, to 
provide the triangular-wave output. Potentiometer Ro is used 
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to adjust the circuit for slope symmetry of positive-going and 
negative-going signal excursions. 


Another CA3130, IC3, is used as a controlled switch to set 
the excursion limits of the triangular output from the integra- 
tor circuit. Capacitor Co is a “peaking adjustment” to opti- 
mize the high-frequency square-wave pe ormance of the 
circuit. 


Potentiometer Ry is adjustable to perfect the “amplitude 
symmetry” of the square-wave output signals. Output from 
the threshold detector is fed back via resistor Rq to the input 
of IC; so as to toggle the current source from plus to minus 
in generating the linear triangular wave. 


Operation with Output-Stage Power-Booster 


The current-sourcing and-sinking capability of the CA3130 
output stage is easily supplemented to provide power-boost 
capability. In the circuit of Figure 17, three CMOS transistor- 
pairs in a single CA3600E (see Note 12) IC array are shown 
parallel connected with the output stage in the CA3130. In 
the Class A mode of CA3600E shown, a typical device con- 
sumes 20mA of supply current at 15V operation. This 
arrangement boosts the current-handling capability of the 
CA3130 output stage by about 2.5X. 


The amplifier circuit in Figure 17 employs feedback to estab- 
lish a closed-loop gain of 48dB. The typical large-signal 
bandwidth (-3dB) is 50kHz. 


NOTE: 
9. See file number 619 for technical information. 
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FIGURE 16. FUNCTION GENERATOR (FREQUENCY CAN BE VARIED 1,000,000/1 WITH A SINGLE CONTROL) 
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FIGURE 17. CMOS TRANSISTOR ARRAY (CA3600E) CONNECTED AS POWER BOOSTER IN THE OUTPUT STAGE OF THE CA3130 
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Typical Performance Curves (continued) 
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Features 


e MOSFET Input Stage 
- Very High Input Impedance (Z)j) -1.5TQ (Typ) 
- Very Low Input Current (I)) -10pA (Typ) at +15V 


- Wide Common Mode Input Voltage Range (Vicr) - Can 
be Swung 0.5V Below Negative Supply Voltage Rail 


Output Swing Complements Input Common Mode 
Range 


Directly Replaces Industry Type 741 in Most 
Applications 


Applications 


Ground-Referenced Single Supply Amplifiers in Auto- 
mobile and Portable Instrumentation 


Sample and Hold Amplifiers 


Long Duration Timers/Multivibrators 
(useconds-Minutes-Hours) 


Photocurrent Instrumentation 
Peak Detectors 

Active Filters 

Comparators 


Interface in 5V TTL Systems and Other Low 
Supply Voltage Systems 


All Standard Operational Amplifier Applications 
Function Generators 

Tone Controls 

Power Supplies 

Portable Instruments 

Intrusion Alarm Systems 


Pinouts 
CA3140 (METAL CAN) 
TOP VIEW 


NON-INV. (3) 
INPUT 


V- AND CASE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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4.5MHz, BiMOS Operational Amplifier 
with MOSFET Input/Bipolar Output 


Description 


The CA3140A and CA3140 are integrated circuit operational ampli- 
fiers that combine the advantages of high voltage PMOS transis- 
tors with high voltage bipolar transistors on a single monolithic chip. 


The CA3140A and CA3140 BiMOS operational amplifiers feature 
gate protected MOSFET (PMOS) transistors in the input circuit to 
provide very high input impedance, very low input current, and 
high speed performance. The CA3140A and CA3140 operate at 
supply voltage from 4V to 36V (either single or dual supply). 
These operational amplifiers are internally phase compensated to 
achieve stable operation in unity gain follower operation, and 
additionally, have access terminal for a supplementary external 
capacitor if additional frequency roll-off is desired. Terminals are 
also provided for use in applications requiring input offset voltage 
nulling. The use of PMOS field effect transistors in the input stage 
results in common mode input voltage capability down to 0.5V 
below the negative supply terminal, an important attribute for sin- 
gle supply applications. The output stage uses bipolar transistors 
and includes built-in protection against damage from load termi- 
nal short circuiting to either supply rail or to ground. 


The CA3140 Series has the same 8-lead pinout used for the “741” 
and other industry standard op amps. The CA3140A and CA3140 
are intended for operation at supply voltages up to 36V (+18V). 


Ordering Information 


PART NUMBER TEMP. 
(BRAND) RANGE (°C)| PACKAGE 


CA3140AE -55to125 |8LdPDIP 


CA3140AM -55to125 18LdSOIC M8.15 
(3140A) 


CA3140AS -55 to 125 |8 Pin Metal Can 
CA3140AT -55 to 125 |8 Pin Metal Can 
CA3140E -55to125 |8LdPDIP 


CA3140M 
(3140) 


CA3140M96 
(3140) 


CA3140T 


CA3140 (PDIP, SOIC) 
TOP VIEW 


OFFSET 
NULL 


957.3 


File Number 


OPERATIONAL 


AMPLIFIERS 


CA3140, CA3140A 


Absolute Maximum Ratings 


DC Supply Voltage (Between V+ and V- Terminals).......... 36V 
Differential Mode Input Voltage... 1.2... 0... . eee eee 8V 
DG INGUL VOUBGE cicess cave wovedaxeanee (V+ +8V) To (V- -0.5V) 
ped Tera CUNBNL 6 cc cde dco ens aknsrawaencdnasance 1mA 
Output Short Circuit Duration (Note 2)................ Indefinite 


Operating Conditions 


Temperature Range ............ 00 eee eee nee -55°C to 125°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) Bya (CCIW) 8yc (CCW) 


POP PROKGGG cc ccre vcd a neue na we 100 N/A 

SOG PACKAGE... ciwnese nei wenn 160 N/A 

Metal Can Package............... 170 85 
Maximum Junction Temperature (Metal Can Package) ....... 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. 8ya is measured with the component mounted on an evaluation PC board in free air. 


2. Short circuit may be applied to ground or to either supply. 


Electrical Specifications ~—= Vsyppyy = +15V, Ta = 25°C 


Input Offset Voltage Adjustment Resistor 


Input Capacitance 
Output Resistance 


Equivalent Wideband Input Noise Voltage, (See Figure 27) 


Equivalent Input Noise Voltage (See Figure 35) 


Short Circuit Current to Opposite Supply 


Gain-Bandwidth Product, (See Figures 6, 30 


) 
Slew Rate, (See Figure 31) 


Sink Current From Terminal 8 To Terminal 4 to Swing Output Low 


Transient Response (See Figure 28 


Settling Time at 10Vp_p, (See Figure 5) 


Electrical Specifications 


PARAMETER SYMBOL 


Input Offset Voltage 
Input Offset Current | tol 
Input Current Po 


Large Signal Voltage Gain (Note 3) AOL 
(See Figures 6, 29) 
Common Mode Rejection Ratio CMRR 


(See Figure 34) 


PARAMETER SYMBOL TEST CONDITIONS CA3140 | CA3140A/ UNITS 


[nputResitancs dT | C*dC SYS CT 
4 pF 


en BW = 140kHz, Rs = 1MQ 


S 
O 


20 


TYPICAL VALUES 


Typical Value of Resistor 
Between Terminals 4 and 5 or 
4 and 1 to Adjust Max Vio 


= 
< 


me ete 


Ry = 2kQ 


10 


For Equipment Design, at Vsyppy = +15V, Ta = 25°C, Unless Otherwise Specified 


CA3140 
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Electrical Specifications — For Equipment Design, at Vsyppyy = +15V, Ta = 25°C, Unless Otherwise Specified (Continued) 


PARAMETER SYMBOL 


Min {typ | 
Power-Supply Rejection Ratio, PSRR ee 
AVi0/AVs (See Figure 36) [76 | 80 | 
aonb mates 


CA3140 
Y 


am 
<a 
NOTES: 

3. At Vo = 26Vp.p, +12V, -14V and Ry = 2kQ. 

4. At Ry, = 2kQ. 


Electrical Specifications — For Design Guidance At V+ = 5V, V- = OV, Ta = 25°C 


PARAMETER SYMBOL 


Input Offset Voltage IViol 
Input Offset Current Stil 
Input Current ae 


TYPICAL VALUES 
CA3140A 
2 


UNITS 
mV 


ails 
Tv 
> 


OPERATIONAL 
AMPLIFIERS 


Large Signal Voltage Gain (See Figures 6, 29) 1 
1 


sf 
0 

2 

Input Resistance 1 

0 

0 

CMRR 3 

0 

3 


Common Mode Rejection Ratio 


ro) 

on 
—s 
O° 
ro) 
= 
< 


Common Mode Input Voltage Range (See Figure 8) 


PSRR 1 
AVip/AVs 


| ow 
sn 


Power Supply Rejection Ratio 


Maximum Output Voltage (See Figures 2, 8) 


ine) 
(o>) 
= 
> << 


1 
0 
0 

2 
0 
3 


0.13 


_ 
So 


=] w 
oaln|™~ 


Maximum Output Current: 
1 

Slew Rate (See Figure 31) 7 
Gain-Bandwidth Product (See Figure 30) fr 
{+ 


Supply Current (See Figure 32) pe 
Device Dissipation | Pp 


Sink Current from Terminal 8 to Terminal 4 to Swing Output Low ee 


1 


200 


— i} © 
oO tn 
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Block Diagram 


1 

1 V+ 
BIAS CIRCUIT 
CURRENT SOURCES 

ND REGULATOR 

, 2ma | 

1 I 

j I 

i 1 

INPUT ! 6) OUTPUT 

I 


rc ?---=— 


(4) V- 
—_—=—= = = oo oe ee a 
(8) <—— STROBE a 
OFFSET 
NULL 
Schematic Diagram 
BIAS CIRCUIT INPUT STAGE SECOND STAGE OUTPUTSTAGE DYNAMIC CURRENT SINK 


(6) OUTPUT 


INVERTING 
INPUT 


NON-INVERTING 
INPUT 


By. 


Q14 
Rg Rs 
5000 500Q 


OFFSET NULL STROBE V- 


S 


NOTE: All resistance values are in ohms. 
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Application Information 


Circuit Description 


As shown in the block diagram, the input terminals may be 
operated down to 0.5V below the negative supply rail. Two 
class A amplifier stages provide the voltage gain, and a 
unique class AB amplifier stage provides the current gain 
necessary to drive low-impedance loads. 


A biasing circuit provides control of cascoded constant current 
flow circuits in the first and second stages. The CA3140 
includes an on chip phase compensating capacitor that is 
sufficient for the unity gain voltage follower configuration. 


Input Stage 


The schematic diagram consists of a differential input stage 
using PMOS field-effect transistors (Q9, Q19) working into a 
mirror pair of bipolar transistors (Q14, Qy2) functioning as load 
resistors together with resistors Ro through Rs. The mirror pair 
transistors also function as a_ differential-to-single-ended 
converter to provide base current drive to the second stage 
bipolar transistor (Q;3). Offset nulling, when desired, can be 
effected with a 10kQ potentiometer connected across 
Terminals 1 and 5 and with its slider arm connected to Terminal 
4. Cascode-connected bipolar transistors Qo, Qs are the 
constant current source for the input stage. The base biasing 
circuit for the constant current source is described 
subsequently. The small diodes D3, D4, Ds provide gate oxide 
protection against high voltage transients, e.g., static electricity. 


Second Stage 


Most of the voltage gain in the CA3140 is provided by the 
second amplifier stage, consisting of bipolar transistor Qy3 
and its cascode connected load resistance provided by 
bipolar transistors Q3, Q4. On-chip phase compensation, 
sufficient for a majority of the applications is provided by C3. 
Additional Miller-Effect compensation (roll off) can be 
accomplished, when desired, by simply connecting a small 
Capacitor between Terminals 1 and 8. Terminal 8 is also 
used to strobe the output stage into quiescence. When 
terminal 8 is tied to the negative supply rail (Terminal 4) by 
mechanical or electrical means, the output Terminal 6 
swings low, i.e., approximately to Terminal 4 potential. 


Output Stage 


The CA3140 Series circuits employ a broad band output stage 
that can sink loads to the negative supply to complement the 
capability of the PMOS input stage when operating near the 
negative rail. Quiescent current in the emitter-follower cascade 
circuit (Q17, Qyg) is established by transistors (Q;4, Qj45) 
whose base currents are “mirrored” to current flowing through 
diode Do in the bias circuit section. When the CA3140 is 
operating such that output Terminal 6 is sourcing current, 
transistor Q;g functions as an emitter-follower to source current 
from the V+ bus (Terminal 7), via D7, Rg, and Rj. Under these 
conditions, the collector potential of Qy3 is sufficiently high to 
permit the necessary flow of base current to emitter follower 
Q 47 which, in turn, drives Q4g. 


When the CA3140 is operating such that output Terminal 6 is 
sinking current to the V- bus, transistor Qyg is the current 
sinking element. Transistor Qy¢ is mirror connected to Dg, R7, 


with current fed by way of Qo1, Ry2, and Qgo. Transistor Q2o, in 
turn, is biased by current flow through Ry3, zener Dg, and R44. 
The dynamic current sink is controlled by voltage level sensing. 
For purposes of explanation, it is assumed that output Terminal 
6 is quiescently established at the potential midpoint between 
the V+ and V- supply rails. When output current sinking mode 
operation is required, the collector potential of transistor Qy3 is 
driven below its quiescent level, thereby causing Q17, Qyg to 
decrease the output voltage at Terminal 6. Thus, the gate 
terminal of PMOS transistor Qo, is displaced toward the V- bus, 
thereby reducing the channel resistance of Qo;. As a 


consequence, there is an incremental increase in current flow 


through Q2o, R12, Q21, Dg, R7, and the base of Qi. As a 
result, Q1g sinks current from Terminal 6 in direct response to 
the incremental change in output voltage caused by Q jg. This 
sink current flows regardless of load; any excess current is 
internally supplied by the emitter-follower Qyg. Short circuit 
protection of the output circuit is provided by Qyg, which is 
driven into conduction by the high voltage drop developed 
across Ry; under output short circuit conditions. Under these 
conditions, the collector of Qyg diverts current from Q4 so as to 
reduce the base current drive from Q47, thereby limiting current 
flow in Q4g to the short circuited load terminal. 


Bias Circuit 


Quiescent current in all stages (except the dynamic current 
sink) of the CA3140 is dependent upon bias current flow in Rj. 
The function of the bias circuit is to establish and maintain 
constant current flow through Dj, Qe, Qg and Do. D; is a diode 
connected transistor mirror connected in parallel with the base 
emitter junctions of Q;, Qo, and Q3. Dy may be considered as a 
current sampling diode that senses the emitter current of Qg 
and automatically adjusts the base current of Q¢ (via Q;) to 
maintain a constant current through Qs, Qg, Do. The base 
currents in Qo, Q3 are also determined by constant current flow 
D,. Furthermore, current in diode connected transistor Qo 
establishes the currents in transistors Qy4 and Q4s5. 


Typical Applications 


Wide dynamic range of input and output characteristics with 
the most desirable high input impedance characteristics is 
achieved in the CA3140 by the use of an unique design based 
upon the PMOS Bipolar process. Input common mode voltage 
range and output swing capabilities are complementary, 
allowing operation with the single supply down to 4V. 


The wide dynamic range of these parameters also means 
that this device is suitable for many single supply applica- 
tions, such as, for example, where one input is driven below 
the potential of Terminal 4 and the phase sense of the output 
signal must be maintained — a most important consideration 
in comparator applications. 


Output Circuit Considerations 


Excellent interfacing with TTL circuitry is easily achieved with a 
single 6.2V zener diode connected to Terminal 8 as shown in 
Figure 1. This connection assures that the maximum output sig- 
nal swing will not go more positive than the zener voltage minus 
two base-to-emitter voltage drops within the CA3140. These 
voltages are independent of the operating supply voltage. 
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V+ 
5V TO 36V J 


LOGIC 
SUPPLY 
9 5V 


, TYPICAL 
TTL GATE 


FIGURE 1. ZENER CLAMPING DIODE CONNECTED TO 
TERMINALS 8 AND 4 TO LIMIT CA3140 OUTPUT 


SWING TO TTL LEVELS 
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0.01 
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FIGURE 2. VOLTAGE ACROSS OUTPUT TRANSISTORS (Qi5 
AND Q;6) vs LOAD CURRENT 


Figure 2 shows output current sinking capabilities of the 
CA3140 at various supply voltages. Output voltage swing to 
the negative supply rail permits this device to operate both 
power transistors and thyristors directly without the need for 
level shifting circuitry usually associated with the 741 series 
of operational amplifiers. 


FIGURE 3A. BASIC 


FIGURE 3B. IMPROVED RESOLUTION 


Figure 4 shows some typical configurations. Note that a 
series resistor, R,, is used in both cases to limit the drive 
available to the driven device. Moreover, it is recommended 
that a series diode and shunt diode be used at the thyristor 
input to prevent large negative transient surges that can 
appear at the gate of thyristors, from damaging the 
integrated circuit. 


Offset Voltage Nulling 


The input offset voltage can be nulled by connecting a 10kQ2 
potentiometer between Terminals 1 and 5 and returning its 
wiper arm to terminal 4, see Figure 3A. This technique, how- 
ever, gives more adjustment range than required and there- 
fore, a considerable portion of the potentiometer rotation is 
not fully utilized. Typical values of series resistors (R) that 
may be placed at either end of the,potentiometer, see Figure 
3B, to optimize its utilization range are given in the Electrical 
Specifications table. 


An alternate system is shown in Figure 3C. This circuit uses 
only one additional resistor of approximately the value 
shown in the table. For potentiometers, in which the resis- 
tance does not drop to 0Q at either end of rotation, a value of 
resistance 10% lower than the values shown in the table 
should be used. 


Low Voltage Operation 


Operation at total supply voltages as low as 4V is possible 
with the CA3140. A current regulator based upon the PMOS 
threshold voltage maintains reasonable constant operating 
current and hence consistent performance down to these 
lower voltages. 


The low voltage limitation occurs when the upper extreme of 
the input common mode voltage range extends down to the 
voltage at Terminal 4. This limit is reached at a total supply 
voltage just below 4V. The output voltage range also begins to 
extend down to the negative supply rail, but is slightly higher 
than that of the input. Figure 8 shows these characteristics and 
shows that with 2V dual supplies, the lower extreme of the input 
common mode voltage range is below ground potential. 


FIGURE 3C. SIMPLER IMPROVED 
RESOLUTION 


FIGURE 3. THREE OFFSET VOLTAGE NULLING METHODS 
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FIGURE 4. METHODS OF UTILIZING THE VceEsat) SINKING CURRENT CAPABILITY OF THE CA3140 SERIES 


LOAD RESISTANCE (R,) = 2kQ 
LOAD CAPACITANCE (C) = 100pF 


SUPPLY VOLTAGE: Vs =+15V 


wae FOLLOWER 
seaee INVERTING 


INPUT VOLTAGE (V) 


SETTLING TIME (1s) 


FIGURE 5A. WAVEFORM 


Bandwidth and Slew Rate 


For those cases where bandwidth reduction is desired, for 
example, broadband noise reduction, an external capacitor 
connected between Terminals 1 and 8 can reduce the open 
loop -3dB bandwidth. The slew rate will, however, also be 
proportionally reduced by using this additional capacitor. 
Thus, a 20% reduction in bandwidth by this technique will 
also reduce the slew rate by about 20%. 


Figure 5 shows the typical settling time required to reach 
1mV or 10mV of the final value for various levels of large 
signal inputs for the voltage follower and inverting unity gain 
amplifiers. The exceptionally fast settling time characteristics 
are largely due to the high combination of high gain and wide 
bandwidth of the CA3140; as shown in Figure 6. 


FOLLOWER 
+15V9 


Se ich SIMULATED 
— LOAD 

a ei 
100pF it 3 2kQ 


‘ ® = 
0.05F 
INVERTING 
5kQ 
SIMULATED 
LOAD 
>@--5 
s A. 
100pF 75 * 2kQ 
2 


FIGURE 5B. TEST CIRCUITS 
FIGURE 5. SETTLING TIME vs INPUT VOLTAGE 


Input Circuit Considerations 


As mentioned previously, the amplifier inputs can be driven 
below the Terminal 4 potential, but a series current limiting 
resistor is recommended to limit the maximum input terminal 
current to less than 1mA to prevent damage to the input pro- 
tection circuitry. 


Moreover, some current limiting resistance should be 
provided between the inverting input and the output when 
the CA3140 is used as a unity gain voltage follower. This 
resistance prevents the possibility of extremely large input 
signal transients from forcing a signal through the input 
protection network and directly driving the internal constant 
current source which could result in positive feedback via the 
output terminal. A 3.9kQ resistor is sufficient. 
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FIGURE 6. OPEN LOOP VOLTAGE GAIN AND PHASE vs 
FREQUENCY 


+Vout AT Ta = 125°C 
+Vout AT Ta = 25°C 
+Vout AT Ta = -55°C 


+Vicr AT Ta = 25°C 
+Vicr AT Ta = -55°C 


INPUT AND OUTPUT VOLTAGE EXCURSIONS 
FROM TERMINAL 7 (V+) 


SUPPLY VOLTAGE (V+, V-) 


INPUT CURRENT (pA) 


SEU EEE TT 
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TEMPERATURE (°C) 


FIGURE 7. INPUT CURRENT vs TEMPERATURE 


-Vicn AT Ta = 125°C 

-Vicn AT Ta = 25°C 
-Vout FOR -Vicr AT Ta = -55°C 
Ta = -55°C to 125°C 


INPUT AND OUTPUT VOLTAGE EXCURSIONS 
FROM TERMINAL 4 (V-) 


SUPPLY VOLTAGE (V+, V-) 


FIGURE 8. OUTPUT VOLTAGE SWING CAPABILITY AND COMMON MODE INPUT VOLTAGE RANGE vs SUPPLY VOLTAGE 


The typical input current is on the order of 10pA when the 
inputs are centered at nominal device dissipation. As the 
output supplies load current, device dissipation will increase, 
raising the chip temperature and resulting in increased input 
current. Figure 7 shows typical input terminal current versus 
ambient temperature for the CA3140. 


It is well Known that MOSFET devices can exhibit slight 
changes in characteristics (for example, small changes in 
input offset voltage) due to the application of large differen- 
tial input voltages that are sustained over long periods at ele- 
vated temperatures. 


Both applied voltage and temperature accelerate these 
changes. The process is reversible and offset voltage shifts of 
the opposite polarity reverse the offset. Figure 9 shows the 
typical offset voltage change as a function of various stress 
voltages at the maximum rating of 125°C (for metal can); at 
lower temperatures (metal can and plastic), for example, at 
85°C, this change in voltage is considerably less. In typical lin- 
ear applications, where the differential voltage is small and 
symmetrical, these incremental changes are of about the 


same magnitude as those encountered in an operational 
amplifier employing a bipolar transistor input stage. 


7 
Ta = 125°C 
g | FOR METAL CAN PACKAGES 
DIFFERENTIAL DC VOLTAGE 
(ACROSS TERMINALS 2 AND 3) = 2V 
5 [- OUTPUT STAGE TOGGLED 


DIFFERENTIAL DC VOLTAGE 
(ACROSS TERMINALS 2 AND 3) = OV 
OUTPUT VOLTAGE = V+/2 


OFFSET VOLTAGE SHIFT (mV) 


0 
0 500 1000 1500 2000 2500 3000 3500 4000 4500 
TIME (HOURS) 


FIGURE 9. TYPICAL INCREMENTAL OFFSET VOLTAGE 
SHIFT vs OPERATING LIFE 
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Super Sweep Function Generator 


A function generator having a wide tuning range is shown in 
Figure 10. The 1,000,000/1 adjustment range is accom- 
plished by a single variable potentiometer or by an auxiliary 
sweeping signal. The CA3140 functions as a non-inverting 
readout amplifier of the triangular signal developed across 
the integrating capacitor network connected to the output of 
the CA3080A current source. 


Buffered triangular output signals are then applied to a sec- 
ond CA3080 functioning as a high speed hysteresis switch. 
Output from the switch is returned directly back to the input 
of the CA3080A current source, thereby, completing the pos- 
itive feedback loop 


The triangular output level is determined by the four 1N914 
level limiting diodes of the second CA3080 and the resistor 
divider network connected to Terminal No. 2 (input) of the 
CA3080. These diodes establish the input trip level to this 
switching stage and, therefore, indirectly determine the 
amplitude of the output triangle. 


Compensation for propagation delays around the entire loop 
is provided by one adjustment on the input of the CA3080. 
This adjustment, which provides for a constant generator 
amplitude output, is most easily made while the generator is 
sweeping. High frequency ramp linearity is adjusted by the 
single 7pF to 60pF capacitor in the output of the CA3080A. 


lt must be emphasized that only the CA3080A is 
characterized for maximum output linearity in the current 
generator function. 


Meter Driver and Buffer Amplifier 


Figure 11 shows the CA3140 connected as a meter driver 
and buffer amplifier. Low driving impedance is required of 
the CA3080A current source to assure smooth operation of 
the Frequency Adjustment Control. This low-driving 
impedance requirement is easily met by using a CA3140 
connected as a voltage follower. Moreover, a meter may be 
placed across the input to the CA3080A to give a logarithmic 
analog indication of the function generator’s frequency. 


Analog frequency readout is readily accomplished by the 
means described above because the output current of the 
CA3080A varies approximately one decade for each 60mV 
change in the applied voltage, Vago (voltage between 
Terminals 5 and 4 of the CA3080A of the function generator). 
Therefore, six decades represent 360mV change in Vapc. 


Now, only the reference voltage must be established to set 
the lower limit on the meter. The three remaining transistors 
from the CA3086 Array used in the sweep generator are 
used for this reference voltage. In addition, this reference 
generator arrangement tends to track ambient temperature 
variations, and thus compensates for the effects of the nor- 
mal negative temperature coefficient of the CA3080A Vapgc 
terminal voltage. 


Another output voltage from the reference generator is used 
to insure temperature tracking of the lower end of the 
Frequency Adjustment Potentiometer. A large series 
resistance simulates a current source, assuring similar 
temperature coefficients at both ends of the Frequency 
Adjustment Control. 


To calibrate this circuit, set the Frequency Adjustment 
Potentiometer at its low end. Then adjust the Minimum 
Frequency Calibration Control for the lowest frequency. To 
establish the upper frequency limit, set the Frequency 
Adjustment Potentiometer to its upper end and then adjust 
the Maximum Frequency Calibration Control for the 
maximum frequency. Because there is interaction among 
these controls, repetition of the adjustment procedure may 
be necessary. Two adjustments are used for the meter. The 
meter sensitivity control sets the meter scale width of each 
decade, while the meter position control adjusts the pointer 
on the scale with negligible effect on the sensitivity 
adjustment. Thus, the meter sensitivity adjustment control 
calibrates the meter so that it deflects "6 of full scale for 
each decade change in frequency. 


Sine Wave Shaper 


The circuit shown in Figure 12 uses a CA3140 as a voltage 
follower in combination with diodes from the CA3019 Array 
to convert the triangular signal from the function generator to 
a sine-wave output signal having typically less than 2% THD. 
The basic zero crossing slope is established by the 10kQ 
potentiometer connected between Terminals 2 and 6 of the 
CA3140 and the 9.1kQ resistor and 10kQ potentiometer 
from Terminal 2 to ground. Two break points are established 
by diodes D, through D4. Positive feedback via Ds and Dg 
establishes the zero slope at the maximum and minimum 
levels of the sine wave. This technique is necessary because 
the voltage follower configuration approaches unity gain 
rather than the zero gain required to shape the sine wave at 
the two extremes. 
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HIGH 


CENTERIN 
-45V 10kQ 


FREQUENCY 


LEVEL 


910kQ 


10kQ -11kQ 

SYMMETRY 1-15V FREQ. : 
-15V \ +15V I SHAPE I EXTERNAL — 
oVWA\—o : OUTPUT — 

100kQ I 
i N 
FROM BUFFERMETER FREQUENCY ; 
DRIVER (OPTIONAL) ~ ADJUSTMENT <5:1kQ TO 
39kQ , 1202  10k22 SINE WAVE 
: SHAPER 
-15V +15V OUTPUT 
AMPLIFIER 


THIS NETWORK IS USED WHEN THE 
OPTIONAL BUFFER CIRCUIT IS NOT USED 


FIGURE 10A. CIRCUIT 


PE ENS aes 


wie ee NAR AAS Raps Ae sy 


G 


10kQ 


EXTERNAL 
OUTPUT 


2.7kQ 


TO OUTPUT 
AMPLIFIER 


FREQUENCY 
ADJUSTMENT 
Top Trace: Output at junction of 2.7Q and 51Q resistors; 4 METER DRIVER a 
5V/Div., 500ms/Div. AND BUFFER 
SUPPLY +15V 
Center Trace: External output of triangular function generator; AMPLIFIER 
2V/Div., 500ms/Div. 
— ' FUNCTION [| nr 
Bottom Trace: Output of “Log” generator; 10V/Div., 500ms/Div. GENERATOR 
FIGURE 10B. FIGURE FUNCTION GENERATOR SWEEPING ae 
_ WIDEBAND 
SINE WAVE an. LINE DRIVER 
SHAPER T 
OGATE |DCLEVEL 
FINE > | SWEEP oSWEEP| ADJUST 
RATE >" | GENERATOR | ww a as 
ye Pa AAA~o EXTERNAL 
e re} e 
COARSE @4}-o ‘ot v- [ EXT. INPUT 
RATE 
-o 
ro SWEEP 
oe S 3% LENGTH 
1V/Div., 1s/Div. il 


Three tone test signals, highest frequency >0.5MHz. Note the slight 
asymmetry at the three second/cycle signal. This asymmetry is due to 
slightly different positive and negative integration from the CA3080A 
and from the PC board and component leakages at the 100pA level. 


FIGURE 10C. FUNCTION GENERATOR WITH FIXED 
FREQUENCIES 


FIGURE 10. FUNCTION GENERATOR 
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FIGURE 10D. INTERCONNECTIONS 
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FREQUENCY 
CALIBRATION 
MAXIMUM 


FREQUENCY 
ner ee TO CA3080A 
— OF FUNCTION | casogoe 


GENERATOR 


SWEEP IN ¢ (FIGURE 10) 


POSITION 
ADJUSTMENT 


FIGURE 11. METER DRIVER AND BUFFER AMPLIFIER 
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FIGURE 12. SINE WAVE SHAPER 
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SET (-14.5V) 
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9 +15V 
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MW. SAWTOOTH 
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FIGURE 13. SWEEPING GENERATOR 
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This circuit can be adjusted most easily with a distortion 
analyzer, but a good first approximation can be made by 
comparing the output signal with that of a sine wave 
generator. The initial slope is adjusted with the 
potentiometer Rj, followed by an adjustment of Ro. The final 
slope is established by adjusting Rs, thereby adding 
additional:segments that are contributed by these diodes. 
Because there is some interaction among these controls, 
repetition of the adjustment procedure may be necessary. 


Sweeping Generator 


Figure 13 shows a sweeping generator. Three CA3140s are 
used in this circuit. One CA3140 is used as an integrator, a 
second device is used as a hysteresis switch that deter- 
mines the starting and stopping points of the sweep. A third 
CA3140 is used as a logarithmic shaping network for the log 
function. Rates and slopes, as well as sawtooth, triangle, 
and logarithmic sweeps are generated by this circuit. 


Wideband Output Amplifier 


Figure 14 shows a high slew rate, wideband amplifier 
suitable for use as a 50Q transmission line driver. This 
circuit, when used in conjunction with the function generator 
and sine wave shaper circuits shown in Figures 10 and 12 
provides 18Vp.p output open circuited, or 9Vp_p output 
when terminated in 50Q. The slew rate required of this 
amplifier is 28V/us (18Vp_p x m x 0.5MHz). 


SIGNAL 
LEVEL 
ADJUSTMENT 


2.5kQ2 
2002 


OUTPUT 
DC LEVEL 4 415y 


a: 3kO 


1.8kQ | NOMINAL BANDWIDTH = 10MHz 


t, = 35ns 


FIGURE 14. WIDEBAND OUTPUT AMPLIFIER 


Power Supplies 


High input impedance, common mode capability down to the 
negative supply and high output drive current capability are 
key factors in the design of wide range output voltage 
supplies that use a single input voltage to provide a 
regulated output voltage that can be adjusted from 
essentially OV to 24V. 


Unlike many regulator systems using comparators having a 
bipolar transistor input stage, a high impedance reference 
voltage divider from a single supply can be used in 
connection with the CA3140 (see Figure 15). 


VOLTAGE 
REFERENCE | ADJUSTMENT 


REGULATED 


INPUT OUTPUT 


FIGURE 15. BASIC SINGLE SUPPLY VOLTAGE REGULATOR 
SHOWING VOLTAGE FOLLOWER CONFIGURATION 


Essentially, the regulators, shown in Figures 16 and 17, are 
connected as non inverting power operational amplifiers with 
a gain of 3.2. An 8V reference input yields a maximum out- 
put voltage slightly greater than 25V. As a voltage follower, 
when the reference input goes to OV the output will be OV. 
Because the offset voltage is also multiplied by the 3.2 gain 
factor, a potentiometer is needed to null the offset voltage. 


Series pass transistors with high logo levels will also pre- 
vent the output voltage from reaching zero because there is 
a finite voltage drop (VcEsa~T) across the output of the 
CA3140 (see Figure 2). This saturation voltage level may 
indeed set the lowest voltage obtainable. 


The high impedance presented by Terminal 8 is advanta- 
geous in effecting current limiting. Thus, only a small signal 
transistor is required for the current-limit sensing amplifier. 
Resistive decoupling is provided for this transistor to mini- 
mize damage to it or the CA3140 in the event of unusual 
input or output transients on the supply rail. 


Figures 16 and 17, show circuits in which a D2201 high 
speed diode is used for the current sensor. This diode was 
chosen for its slightly higher forward voltage drop character- 
istic, thus giving greater sensitivity. It must be emphasized 
that heat sinking of this diode is essential to minimize varia- 
tion of the current trip point due to internal heating of the 
diode. That is, 1A at 1V forward drop represents one watt 
which can result in significant regenerative changes in the 
Current trip point as the diode temperature rises. Placing the 
small signal reference amplifier in the proximity of the current 
sensing diode also helps minimize the variability in the trip 
level due to the negative temperature coefficient of the 
diode. In spite of those limitations, the current limiting point 
can easily be adjusted over the range from 10mA to 1A with 
a single adjustment potentiometer. If the temperature stabil- 
ity of the current limiting system is a serious consideration, 
the more usual current sampling resistor type of circuitry 
should be employed. 


A power Darlington transistor (in a metal can with heatsink), is 
used as the series pass element for the conventional current lim- 
iting system, Figure 16, because high power Darlington dissipa- 
tion will be encountered at low output voltage and high currents. 


A small heat sink VERSAWATT transistor is used as the 
series pass element in the fold back current system, Figure 
17, since dissipation levels will only approach 10W. In this 
system, the D2201 diode is used for current sampling. Fold- 
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back is provided by the 3kQ and 100kQ divider network con- 
nected to the base of the current sensing transistor. 


2N6385 CURRENT 
POWER DARLINGTON LIMITING 
Aeleliedeed © uhsden 1 ADJUST sure) 
0.1 => 24V 


INPUT 


rc? —-—-— | | KF 


LOAD REGULATION 
(NO LOAD TO FULL LOAD) 
<0.02% 


HUM AND NOISE OUTPUT <200UVpans 
(MEASUREMENT BANDWIDTH ~10MHz) 
LINE REGULATION 0.1%/V 


FIGURE 16. REGULATED POWER SUPPLY 


“FOLDBACK” CURRENT td ia OV TO 25V 
LIMITER 
“FOLDS BACK” 


2N5294 


D2201 


TO 40mA 


INPUT 


Pe | 


LOAD REGULATION 
(NO LOAD TO FULL LOAD) 
<0.02% 


HUM AND NOISE OUTPUT <200”U Vans 
(MEASUREMENT BANDWIDTH ~10MHz) 
LINE REGULATION 0.1%/V 


FIGURE 17. REGULATED POWER SUPPLY WITH “FOLDBACK”’ 
CURRENT LIMITING 


Both regulators provide better than 0.02% load regulation. 
Because there is constant loop gain at all voltage settings, the 
regulation also remains constant. Line regulation is 0.1% per 
volt. Hum and noise voltage is less than 200uV as read with a 
meter having a 10MHz bandwidth. 


Figure 18A shows the turn ON and turn OFF characteristics 
of both regulators. The slow turn on rise is due to the slow 
rate of rise of the reference voltage. Figure 18B shows the 
transient response of the regulator with the switching of a 
2022 load at 20V output. 


5V/Div., 1s/Div. 


FIGURE 18A. SUPPLY TURN-ON AND TURNOFF 
CHARACTERISTICS 


ierlamedenes = 


< ay 
> _ . A 
wee 3 
7 oa ean.» S anninin « 
3 
< i 


Top Trace: Output Voltage; 
200mV/Div., 5us/Div. 


Bottom Trace: Collector of load switching transistor, load = 1A; 
5V/Div., 5us/Div. 


FIGURE 18B. TRANSIENT RESPONSE 


FIGURE 18. WAVEFORMS OF DYNAMIC CHARACTERISTICS 
OF POWER SUPPLY CURRENTS SHOWN IN 
FIGURES 16 AND 17 


Tone Control Circuits 


High slew rate, wide bandwidth, high output voltage 
capability and high input impedance are all characteristics 
required of tone control amplifiers. Two tone control circuits 
that exploit these characteristics of the CA3140 are shown in 
Figures 19 and 20. 
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The first circuit, shown in Figure 20, is the Baxandall tone 
control circuit which provides unity gain at midband and uses 
standard linear potentiometers. The high input impedance of 
the CA3140 makes possible the use of low-cost, low-value, 
small size capacitors, as well as reduced load of the driving 
stage. 


Bass treble boost and cut are +15dB at 100Hz and 10kHz, 
respectively. Full peak-to-peak output is available up to at 
least 20kHz due to the high slew rate of the CA3140. The 
amplifier gain is 3dB down from its “flat” position at 70KHz. 


FOR SINGLE SUPPLY 
+30V 


BOOST TREBLE CUT 


200kQ 
0.012uF (LINEAR) 0.001,F 


10kQ 1MQ 
CCW (LOG) 
BOOST BASS CUT 


TONE CONTROL NETWORK 


100kQ 


rw. <-— = 


Figure 19 shows another tone control circuit with similar 
boost and cut specifications. The wideband gain of this cir- 
cuit is equal to the ultimate boost or cut plus one, which in 
this case is a gain of eleven. For 20dB boost and cut, the 
input loading of this circuit is essentially equal to the value of 
the resistance from Terminal No. 3 to ground. A detailed 
analysis of this circuit is given in “An IC Operational 
Transconductance Amplifier (OTA) With Power Capability” by 
L. Kaplan and H. Wittlinger, IEEE Transactions on Broadcast 
and Television Receivers, Vol. BTR-18, No. 3, August, 1972. 


NOTES: 
5. 20dB Flat Position Gain. 


6. +15dB Bass and Treble Boost and Cut 
at 100Hz and 10kHz, respectively. 


7. 25Vp.p output at 20kHz. 
8. -3dB at 24kHz from 1kHz reference. 


FOR DUAL SUPPLIES 


TONE CONTROL NETWORK 


FIGURE 19. TONE CONTROL CIRCUIT USING CA3130 SERIES (20dB MIDBAND GAIN) 


FOR SINGLE SUPPLY 


CUT 


BOOST BASS 


(LINEAR) 
0.047F] 240kQ2 5MQ  240kQ 
2.2MQ +32V 
|g 
(3) 
2.2 
MO 


NOTES: 


(LINEAR) 
BOOST TREBLE CUT 
TONE CONTROL NETWORK 


FOR DUAL SUPPLIES 


0.047F 


45V 


9. +15dB Bass and Treble Boost and Cut at 100Hz and 10kHz, Respectively. 
10. 25Vp_p Output at 20kHz. 
11. -3dB at 70kHz from 1kHz Reference. 


12. OdB Flat Position Gain. 


FIGURE 20. BAXANDALL TONE CONTROL CIRCUIT USING CA3140 SERIES 
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Wien Bridge Oscillator 


Another application of the CA3140 that makes excellent use 
of its high input impedance, high slew rate, and high voltage 
qualities is the Wien Bridge sine wave oscillator. A basic Wien 
Bridge oscillator is shown in Figure 21. When Ry = Ro = R 
and C; = Co = C, the frequency equation reduces to the 
familiar f = 1/(2nRC) and the gain required for oscillation, 
Aosc is equal to 3. Note that if Co is increased by a factor of 
four and Ro is reduced by a factor of four, the gain required 
for oscillation becomes 1.5, thus permitting a potentially 
higher operating frequency closer to the gain bandwidth 
product of the CA3140. 


s2 Re NOTES: 

~ 2nJR,C RoC, 
OUTPUT 
GC. Fe 
Aosc a ee CG. co R. 
Re 2 1 
Cy R R 
S 


FIGURE 21. BASIC WIEN BRIDGE OSCILLATOR CIRCUIT 
USING AN OPERATIONAL AMPLIFIER 


Oscillator stabilization takes on many forms. It must be 
precisely set, otherwise the amplitude will either diminish or 
reach some form of limiting with high levels of distortion. The 
element, Rs, is commonly replaced with some variable 
resistance element. Thus, through some control means, the 
value of Rs is adjusted to maintain constant oscillator 
output. A FET channel resistance, a thermistor, a lamp bulb, 
or other device whose resistance increases as the output 
amplitude is increased are a few of the elements often 
utilized. 


Figure 22 shows another means of stabilizing the oscillator 
with a zener diode shunting the feedback resistor (Rr of 
Figure 21). As the output signal amplitude increases, the 
zener diode impedance decreases resulting in more 
feedback with consequent reduction in gain; thus stabilizing 
the amplitude of the output signal. Furthermore, this 
combination of a monolithic zener diode and bridge rectifier 
circuit tends to provide a zero temperature coefficient for this 
regulating system. Because this bridge rectifier system has 
no time constant, i.e., thermal time constant for the lamp 
bulb, and RC time constant for filters often used in detector 
networks, there is no lower frequency limit. For example, 
with 1uF polycarbonate capacitors and 22MQ for the 
frequency determining network, the operating frequency is 
0.007Hz. 


As the frequency is increased, the output amplitude must be 
reduced to prevent the output signal from becoming slew- 
rate limited. An output frequency of 180kHz will reach a slew 
rate of approximately 9V/us when its amplitude is 16Vp_p. 


OUTPUT 
© 19Vp.p TO 22Vp._p 
THD <0.3% 


R2 


Co a 1000pF 
CA3109 


50Hz, R = 3.3MQ 
100Hz, R= 1.6MQ 

1kHz, R = 160MQ 
10kHz, R = 16MQ 
30kHz, R = 5.1MQ 


5002 4 


FIGURE 22. WIEN BRIDGE OSCILLATOR CIRCUIT USING 
CA3140 


Simple Sample-and-Hold System 


Figure 23 shows a very simple sample-and-hold system 
using the CA3140 as the readout amplifier for the storage 
capacitor. The CA3080A serves as both input buffer 
amplifier and low feed-through transmission switch (see 
Note 13). System offset nulling is accomplished with the 
CA3140 via its offset nulling terminals. A typical simulated 
load of 2kQ and 30pF is shown in the schematic. 


OPERATIONAL 
AMPLIFIERS 


T | [ 
: HOLD 


— 0.1,F 30pF zs 


SIMULATED LOAD~™ ' 
NOTREQUIRED *A 


FIGURE 23. SAMPLE AND HOLD CIRCUIT 


In this circuit, the storage compensation capacitance (Cj) is 
only 200pF. Larger value capacitors provide longer “hold” 
periods but with slower slew rates. The slew rate is: 

teak i 0.5mA/200pF = 2.5V/us 
NOTE: 


13. AN6668 “Applications of the CA3080 and CA 3080A High Per- 
formance Operational Transconductance Amplifiers”. 
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Pulse “droop” during the hold interval is 170pA/200pF which is 
0.85uV/us; (i.e., 170pA/200pF). In this case, 170pA represents 
the typical leakage current of the CA3080A when strobed off. If 
C; were increased to 2000pF, the “hold-droop” rate will 
decrease to 0.085uV/us, but the slew rate would decrease to 
0.25V/us. The parallel diode network connected between 
Terminal 3 of the CA3080A and Terminal 6 of the CA3140 
prevents large input signal feedthrough across the input 
terminals of the CA3080A to the 200pF storage capacitor when 
the CA3080A is strobed off. Figure 24 shows dynamic 
characteristic waveforms of this sample-and-hold system. 


Top Trace: Output: 50mV/Div., 200ns/Div. 
Bottom Trace: Input; 50mV/Div., 200ns/Div. 


Top Trace: Output Signal; 5V/Div, 2us/Div. 


Center Trace: Difference of Input and Output Signals through 
Tektronix Amplifier 7A13; 5mV/Div., 2us/Div. 


Bottom Trace: Input Signal; 5V/Div., 2us/Div. 
LARGE SIGNAL RESPONSE AND SETTLING TIME 


SAMPLING RESPONSE 


Top Trace: Output; 100mV/Div., 500ns/Div. 
Bottom Trace: Input; 20V/Div., 500ns/Div. 


FIGURE 24. SAMPLE AND HOLD SYSTEM DYNAMIC 
CHARACTERISTICS WAVEFORMS 


Current Amplifier 


The low input terminal current needed to drive the CA3140 
makes it ideal for use in current amplifier applications such 
as the one shown in Figure 25 (see Note 14). In this circuit, 
low current is supplied at the input potential as the power 
supply to load resistor Ry. This load current is increased by 
the multiplication factor Ro/R;, when the load current is mon- 
itored by the power supply meter M. Thus, if the load current 
is 100nA, with values shown, the load current presented to 
the supply will be 100A; a much easier current to measure 
in many systems. 


" 
i 
i 
1 

-t 

‘1 
1 
i 
I 
1 


FIGURE 25. BASIC CURRENT AMPLIFIER FOR LOW CURRENT 
MEASUREMENT SYSTEMS 


Note that the input and output voltages are transferred at the 
same potential and only the output current is multiplied by 
the scale factor. 


The dotted components show a method of decoupling the 
circuit from the effects of high output load capacitance and 
the potential oscillation in this situation. Essentially, the 
necessary high frequency feedback is provided by the 
capacitor with the dotted series resistor providing load 
decoupling. 


Full Wave Rectifier 


Figure 26 shows a single supply, absolute value, ideal full- 
wave rectifier with associated waveforms. During positive 
excursions, the input signal is fed through the feedback 
network directly to the output. Simultaneously, the positive 
excursion of the input signal also drives the output terminal 
(No. 6) of the inverting amplifier in a negative going 
excursion such that the 1N914 diode effectively disconnects 
the amplifier from the signal path. During a negative going 
excursion of the input signal, the CA3140 functions as a 
normal inverting amplifier with a gain equal to -Ro/R;. When 
the equality of the two equations shown in Figure 26 is 
satisfied, the full wave output is symmetrical. 


NOTE: 


14. “Operational Amplifiers Design and Applications’, J. G. Graeme, 
McGraw-Hill Book Company, page 308, “Negative Immittance 
Converter Circuits”. 
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SIMULATED 
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BW (-3dB) = 4.5MHz 
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FIGURE 28A. TEST CIRCUIT 


a, 5kQ — Re 
FOR X = 05 = = R 


0.75 
Ry = 10Ka( = | = 15kQ 


20Vp.p Input BW (-3dB) = 290kHz, DC Output (Avg) = 3.2V Fa ais ease oa 3, 
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Top Trace: Output; 50mV/Div., 200ns/Div. 
Bottom Trace: Input; 50mV/Div., 200ns/Div. 
FIGURE 28B. SMALL SIGNAL RESPONSE 


FIGURE 26. SINGLE SUPPLY, ABSOLUTE VALUE, IDEAL FULL 
WAVE RECTIFIER WITH ASSOCIATED 
WAVEFORMS 


+15VO 


NOISE VOLTAGE vena 
~ OUTPUT =. . cs weer 
(Measurement made with Tektronix 7A13 differential amplifier.) 
30.1kQ Top Trace: Output Signal; 5V/Div., 5us/Div. 
Center Trace: Difference Signal; 5mV/Div., 5s/Div. 
P Bottom Trace: Input Signal; 5V/Div., 5ys/Div. 

BW (-3dB) = 140kHz aKG 
TOTAL NOISE VOLTAGE FIGURE 28C. INPUT-OUTPUT DIFFERENCE SIGNAL SHOWING 
(REFERRED TO INPUT ) = 48uV (TYP) == SETTLING TIME 


FIGURE 27. TEST CIRCUIT AMPLIFIER (30dB GAIN) USED FOR FIGURE 28. SPLIT SUPPLY VOLTAGE FOLLOWER TEST 
WIDEBAND NOISE MEASUREMENT CIRCUIT AND ASSOCIATED WAVEFORMS 


3-95 


CA3140, CA3140A 


Typical Performance Curves 
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Typical Performance Curves (continued) 
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Metallization Mask Layout 
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58-66 
30— (1.473-1.676) 


20— 


10— 


nee _— 410 
(0.102-0.254) 
62-70 
; (1.575-1.778) 


Dimensions in parenthesis are in millimeters and are derived 
from the basic inch dimensions as indicated. Grid graduations 
are in mils (10°3 inch). 


The photographs and dimensions represent a chip when it is 
part of the wafer. When the wafer is cut into chips, the cleavage 
angles are 57° instead of 90° with respect to the face of the 
chip. Therefore, the isolated chip is actually 7 mils (0.17mm) 
larger in both dimensions. 
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November 1996 with MOSFET Input/(CMOS Output 
Features Description 
* MOSFET Input Stage Provides: The CA3160A and CA3160 are integrated circuit operational 
- Very High Z, = 1.5TQ2 (1.5 x 10'2Q) (Typ) amplifiers that combine the advantage of both CMOS and bipo- 


lar transistors on a monolithic chip. The CA3160 series are fre- 
quency compensated versions of the popular CA3130 series. 


Gate protected P-Channel MOSFET (PMOS) transistors are 
used in the input circuit to provide very high input imped- 
ance, very low input current, and exceptional speed perfor- 
mance. The use of PMOS field effect transistors in the input 
stage results in common-mode input voltage capability down 
to 0.5V below the negative supply terminal, an important 
attribute in single supply applications. 


- Very Low |; = 5pA (Typ) at 15V Operation 
= 2pA (Typ) at 5V Operation 
¢ Common-Mode Input Voltage Range Includes 
Negative Supply Rail; Input Terminals Can Be Swung 
0.5V Below Negative Supply Rail 


¢ CMOS Output Stage Permits Signal Swing to Either 
(or Both) Supply Rails 


Applications 
¢ Ground Referenced Single Supply Amplifiers A complementary symmetry MOS (CMOS) transistor-pair, 
° Fast S le Hold Amplifi capable of swinging the output voltage to within 10mV of 

sd a a eee either supply voltage terminal (at very high values of load 
¢ Long Duration Timers/Monostables impedance), is employed as the output circuit. 


© TGA IPO IMPSGMIES Seer gre Fates The CA3160 Series circuits operate at supply voltages 


¢ Voltage Followers (e.g., Follower for Single Supply ranging from 5V to 16V, or +2.5V to +8V when using split 
D/A Converter) supplies, and have terminals for adjustment of offset voltage 
¢ Wien-Bridge Oscillators for applications requiring offset null capability. Terminal | 
provisions are also made to permit strobing of the output 


¢ Voltage Controlled Oscillators 
stage. 


¢ Photo Diode Sensor Amplifiers a _ 
The CA3160A offers superior input characteristics over 


Ordering Information those of the CA3160. 


TEMP. 
PART NUMBER | RANGE (°C) PACKAGE 


Pinouts 

CA3160 CA3160 

(METAL CAN) (PDIP) 
TOP VIEW TOP VIEW 
SUPPLEMENTARY TAB STROBE 
OFFSET V+ INV. 
N oO INPUT V+ 
sie OUTPUT 
INV. OUTPUT INPUT Ei 
INPUT 


V- | 4) 15 | OFFSET NULL 


NON-INV. OFFSET 
INPUT NOTE: CA3160 Series devices have an on-chip frequency 
V- AND CASE compensation network. Supplementary phase compensation or 
frequency roll-off (if desired) can be connected externally between 


Terminals 1 and 8. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 976 2 
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Absolute Maximum Ratings 


Supply Voltage (Between V+ and V- Terminals)............ +16V 
Differential Mode Input Voltage. ................. 0.2. e ee. 8V 
OU VOUAGG sic sche aidan hose atecdanewns (V+ +8V) to (V- -0.5V) 
PS NON. oc cae ewe nae kesceame wees bedwenns eee ws 1mA 
Output Short Circuit Duration (Note 2)................ Indefinite 


Operating Conditions 
Temperature Range ..............0..00e00ee -55°C to 125°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) Bya (°C/W) 8jc (°C/W) 


POP PAGKAGG .6 4s cca ws dees wes ine 110 N/A 

Metal Can Package............... 170 85 
Maximum Junction Temperature (Metal Can) .............. 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............ 300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Oya is measured with the component mounted on an evaluation PC board in free air. 


2. Short Circuit may be applied to ground or to either supply. 


Electrical Specifications T, = 25°C, V+ = 15vV, V- = OV, Unless Otherwise Specified 


Input Offset Current 
Input Current 


Large-Signal Voltage Gain 


Common-Mode Rejection Ratio 


Common-Mode Input-Voltage Range 


Power-Supply Rejection Ratio 
Maximum Output Voltage 


= OV ( 
Supply Current (Note 3) 4. 


Electrical Specifications 


10kQ Across Terminals 4 and 5 or 
Terminals 4 and 1 
f = 1MHz 


BW = 0.2MHz Rs = 1MQ 
Rs = 10MQ 


| sameren | sao. | resrconomens [wir] Wr [aa] wr [ rs 


Input Offset Voltage Vg = +7.5V | 


=< Rp =2kQ] 5 


PSRR_ | AVid/AVs, Vg = £7.5V 


RL = 2ko ! 
Maximum Output Current Vo = OV (Source) 
| lom: | Vo = 15V (Sink) 


Vo =7.5V, RL = 


Vo =0V, RL = 


Input Offset Voltage Temperature Drift a AViO/AT 


0 

i 
a 
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CA3160 CA3160A 
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| 0 fostoi] 10 {| 0 [-ostor2| 10 | Vv | 
es ee 
ed ee 
| = | 0.002 | o.o1{ - | 0.002 | o01| v_| 
jco{ 15 | - {ieo{ is | - | Vv | 
a 0.01 
jp 2 {| 22 | as {2 | 2 
_ 2 { 20 | 4s { i | 20 
| - | 0 js] - 
p= | 2 | 3] -{ 2 
cA A ee 


all 
io) 


For Design Guidance, Vsypp_y = +7.5V, Ta = 25°C, Unless Otherwise Specified 


TEST CONDITIONS 
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Electrical Specifications — For Design Guidance, Vsyppyy = +7.5V, Ta = 25°C, Unless Otherwise Specified (Continued) 


CA3160 | CA3160A 
PARAMETER SYMBOL 


Transient Response Rise and Fall Time | 0.09 | 0.09 | ps | 


Settling Time ts Cy = 25pF, Ry. = 2kQ, (Voltage Follower) 1.8 1.8 Us 
To <0.1%, Vin = 4Vp_p 


Electrical Specifications — For Design Guidance, V+ = +5V, V- = OV, Ta = 25°C, Unless Otherwise Specified 


CA3160 CA3160A : 
PARAMETER SYMBOL TEST CONDITIONS UNITS 


TEST CONDITIONS 


Cy = 25pF, Ry = 2kQ, (Voltage Follower) 


100 


NOTE: 
3. Ioc typically increases by 1.5mA/MHz during operation. 


Block Diagram 
ee ee ee ene ae ee eee <p ee ee ee ee eee ee) eee eee ee ee 7 
V+ 
8mA 
(NOTE 4) NOTES: 
OmA — 
(NOTE 5) 4. Total supply voltage (for indicated voltage 


BIAS CKT. 


i 
1 

1 

1 

gains) = 15V with input terminals biased so 
F that Terminal 6 potential is +7.5V above 
1 Terminal 4. 

5. Total supply voltage (for indicated voltage 

' gains) = 15V with output terminal driven to 
1 either supply rail. 

I 

1 


OUTPUT 


= -__ COMPENSATION 
OFFSET (WHEN DESIRED) 
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Schematic Diagram 


” 
1 BIAS CURRENT it CURRENT SOURCE 
I it FOR Qg AND Q7 
] 
] 
] Q, 1! Qo 
I I 
| I 
“hz tt Q 
\ 1 i i 4 
, | 8.3V D2 it 
D 1 
1 3 ‘. 
| Ry D4 | , 
I 40kQ > 
I 
i 
] 
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UT STAGE 


NON-INV. 
INPUT 
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INV. INPUT 


OFFSET NULL 


—qrpe@e@e@ we ew ee - 
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11 LOAD’ FORQ,, 1 


11 Q3 


ee 


I 
I 
t 
1 
i 
| SECOND 
| STAGE 
1 peer ---- 4 
: | OUTPUT ; 
| STAGE Qs | , 
1 I 
; | OUTPUT 
1 u 1 
I I 
1 I 
I I 
Q I 
12 \ 
I 
I 
I 
I 
I 
I 
ee d 
SUPPLEMENTARY ___» 
COMP IF DESIRED @) sere eanics © 


NOTE: Diodes Ds Through D7 Provide Gate Oxide Protection For MOSFET Input Stage. 


Application Information 


Circuit Description 


Refer to the Block Diagram of the CA3160 series CMOS 
Operational Amplifiers. The input terminals may be operated 
down to 0.5V below the negative supply rail, and the output 
can be swung very close to either supply rail in many applica- 
tions. Consequently, the CA3160 series circuits are ideal for 
single supply operation. Three class A amplifier stages, hav- 
ing the individual gain capability and current consumption 
shown in the Block Diagram provide the total gain of the 
CA3160. A biasing circuit provides two potentials for common 
use in the first and second stages. Terminals 8 and 1 can be 
used to supplement the internal phase compensation network 
if additional phase compensation or frequency roll-off is 
desired. Terminals 8 and 4 can also be used to strobe the out- 
put stage into a low quiescent current state. When Terminal 8 
is tied to the negative supply rail (Terminal 4) by mechanical or 
electrical means, the output potential at Terminal 6 essentially 
rises to the positive supply-rail potential at Terminal 7. This 
condition of essentially zero current drain in the output stage 
under the strobed “OFF” condition can only be achieved when 
the ohmic load resistance presented to the amplifier is very 
high (e.g., when the amplifier output is used to drive MOS dig- 
ital circuits in comparator applications). 


Input Stage - The circuit of the CA3160 is shown in the Sche- 
matic Diagram. It consists of a differential-input stage using 
PMOS field-effect transistors (Qg, Q7) working into a mirror-pair 
of bipolar transistors (Qg, Qj) functioning as load resistors 
together with resistors Rg through Rg. The mirror-pair transis- 
tors also function as a differential-to-single-ended converter to 
provide base drive to the second-stage bipolar transistor (Q, 4). 
Offset nulling, when desired, can be effected by connecting a 
100,000Q potentiometer across Terminals 1 and 5 and the 
potentiometer slider arm to Terminal 4. Cascode-connected 
PMOS transistors Qo, Q4, are the constant-current source for 
the input stage. The biasing circuit for the constant-current 
source is subsequently described. The small diodes Ds through 
D7 provide gate-oxide protection against high-voltage tran- 
sients, including static electricity during handling for Qg and Q7. 


Second-Stage - Most of the voltage gain in the CA3160 is 
provided by the second amplifier stage, consisting of bipolar 
transistor Q;4 and its cascode-connected load resistance pro- 
vided by PMOS transistors Q3 and Qs. The source of bias 
potentials for these PMOS transistors is described later. Miller 
Effect compensation (roll off) is accomplished by means of the 
30pF capacitor and 2kQ resistor connected between the base 
and collector of transistor Q;;. These internal components 
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provide sufficient compensation for unity gain operation in 
most applications. However, additional compensation, if 
desired, may be used between Terminals 1 and 8. 


Bias-Source Circuit - At total supply voltages, somewhat 
above 8.3V, resistor Ro and zener diode Z, serve to establish a 
voltage of 8.3V across the series-connected circuit, consisting 
of resistor Rj, diodes D; through D4, and PMOS transistor Q. 
A tap at the junction of resistor Ry and diode D4 provides a 
gate-bias potential of about 4.5V for PMOS transistors Q4 and 
Qs with respect to Terminal 7. A potential of about 2.2V is 
developed across diode-connected PMOS transistor Q; with 
respect to Terminal 7 to provide gate bias for PMOS transistors 
Qs and Q3. It should be noted that Q; is “mirror-connected” to 
both Qo and Q3. Since transistors Q;, Qo, Q3 are designed to 
be identical, the approximately 200A current in Q; establishes 
a similar current in Qo and Qg3 as constant-current sources for 
both the first and second amplifier stages, respectively. 


At total supply voltages somewhat less than 8.3V, zener diode 
Z; becomes nonconductive and the potential, developed 
across series-connected Ry, D; - D4, and Qj, varies directly 
with variations in supply voltage. Consequently, the gate bias 
for Q4, Qs and Qo, Q3 varies in accordance with supply-volt- 
age variations. This variation results in deterioration of the 
power-supply-rejection ratio (PSRR) at total supply voltages 
below 8.3V. Operation at total supply voltages below about 
4.5V results in seriously degraded performance. 


Output Stage - The output stage consists of a drain-loaded 
inverting amplifier using CMOS transistors operating in the 
Class A mode. When operating into very high resistance 
loads, the output can be swung within millivolts of either sup- 
ply rail. Because the output stage is a drain-loaded amplifier, 
its gain is dependent upon the load impedance. The transfer 
characteristics of the output stage for a load returned to the 
negative supply rail are shown in Figure 17. Typical op amp 
loads are readily driven by the output stage. Because large- 
signal excursions are non-linear, requiring feedback for good 
waveform reproduction, transient delays may be encoun- 
tered. As a voltage follower, the amplifier can achieve 0.01% 
accuracy levels, including the negative supply rail. 


Offset Nulling 


Offset-voltage nulling is usually accomplished with a 
100,0002 potentiometer connected across Terminals 1 and 
5 and with the potentiometer slider arm connected to Termi- 
nal 4. A fine offset-null adjustment usually can be effected 
with the slider arm positioned in the mid-point of the potenti- 
ometer's total range. 


Input Current Variation with Common Mode Input Voltage 


As shown in the Electrical Specifications, the input current for 
the CA3160 Series Op Amps is typically 5pA at Ta = 25°C 
when Terminals 2 and 3 are at a common-mode potential of 
+7.5V with respect to negative supply Terminal 4. Figure 23 
contains data showing the variation of input current as a func- 
tion of common-mode input voltage at Ta = 25°C. These data 
show that circuit designers can advantageously exploit these 
characteristics to design circuits which typically require an input 
current of less than 1pA, provided the common-mode input 


voltage does not exceed 2V. As previously noted, the input cur- 
rent is essentially the result of the leakage current through the 
gate-protection diodes in the input circuit and, therefore, a func- 
tion of the applied voltage. Although the finite resistance of the 
glass terminal-to-case insulator of the metal can package also 
contributes an increment of leakage current, there are useful 
compensating factors. Because the gate-protection network 
functions as if it is connected to Terminal 4 potential, and the 
metal can case of the CA3160 is also internally tied to Terminal 
4, input Terminal 3 is essentially “guarded” from spurious leak- 
age currents. 


Input-Current Variation with Temperature 


The input current of the CA3160 Series circuits is typically 
5pA at 25°C. The major portion of this input current is due to 
leakage current through the gate-protective diodes in the input 
circuit. As with any semiconductor junction device, including 
op amps with a junction-FET input stage, the leakage current 
approximately doubles for every 10°C increase in tempera- 
ture. Figure 24 provides data on the typical variation of input 
bias current as a function of temperature in the CA3160. 


In applications requiring the lowest practical input current and 
incremental increases in current because of “warm-up” effects, 
it is suggested that an appropriate heat sink be used with the 
CA3160. In addition, when “sinking” or “sourcing” significant 
output current the chip temperature increases, causing an 
increase in the input current. In such cases, heat-sinking can 
also very markedly reduce and stabilize input current variations. 


Input Offset Voltage (Vico) Variation with DC Bias vs 
Device Operating Life 


It is well known that the characteristics of a MOSFET device 
can change slightly when a DC gate-source bias potential is 
applied to the device for extended time periods. The magnitude 
of the change is increased at high temperatures. Users of the 
CA3160 should be alert to the possible impacts of this effect if 
the application of the device involves extended operation at 
high temperatures with a significant differential DC bias voltage 
applied across Terminals 2 and 3. Figure 25 shows typical data 
pertinent to shifts in offset voltage encountered with CA3160 
devices in metal can packages during life testing. At lower tem- 
peratures (metal can and plastic) for example at 85°C, this 
change in voltage is considerably less. In typical linear applica- 
tions where the differential voltage is small and symmetrical, 
these incremental changes are of about the same magnitude 
as those encountered in an operational amplifier employing a 
bipolar transistor input stage. The 2V differential voltage exam- 
ple represents conditions when the amplifier output state is 
“toggled”, e.g., as in comparator applications. 


Power Supply Considerations 


Because the CA3160 is very useful in single supply applica- 
tions, it is pertinent to review some considerations relating to 
power supply current consumption under both single and 
dual supply service. Figures 1A and 1B show the CA3160 
connected for both dual and single supply operation. 


Dual-supply operation: When the output voltage at Terminal 
6 is OV, the currents supplied by the two power supplies are 
equal. When the gate terminals of Qg and Qyo are driven 
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increasingly positive with respect to ground, current flow 
through Qyo (from the negative supply) to the load is 
increased and current flow through Qg (from the positive 
supply) decreases correspondingly. When the gate terminals 
of Qg and Q;o are driven increasingly negative with respect 
to ground, current flow through Qg is increased and current 
flow through Q 9 is decreased accordingly. 


Single supply operation: Initially, let it be assumed that the 
value of R,_ is very high (or disconnected), and that the input- 
terminal bias (Terminals 2 and 3) is such that the output ter- 
minal (No. 6) voltage is at V+/2, i.e., the voltage-drops 
across Qg and Qo are of equal magnitude. Figure 18 shows 
typical quiescent supply-current vs supply voltage for the 
CA3160 operated under these conditions. 


Since the output stage is operating as a Class A amplifier, the 
supply current will remain constant under dynamic operating 
conditions as long as the transistors are operated in the linear 
portion of their voltage-transfer characteristics (see Figure 17). 
If either Qg or Qyo are swung out of their linear regions toward 
cutoff (a non-linear region), there will be a corresponding reduc- 
tion in supply-current. In the extreme case, e.g., with Terminal 8 
swung down to ground potential (or tied to ground), NMOS tran- 
sistor Qy9 is completely cut off and the supply current to series 
connected transistors Qg, Qy2 goes essentially to zero. The 
two preceding stages in the CA3160, however, continue to draw 
modest supply-current (see the lower curve in Figure 18) even 
though the output stage is strobed off. Figure 1A shows a dual- 
supply arrangement for the output stage that can also be 
strobed off, assuming R;_ = ©, by pulling the potential of Termi- 
nal 8 down to that of Terminal 4. 


Let it now-be assumed that a load resistance of nominal value 
(e.g., 2kQ) is connected between Terminal 6 and ground in the 
circuit of Figure 1B. Let it further be assumed again that the 
input-terminal bias (Terminals 2 and 3) is such that the output 
terminal (No. 6) voltage is at V+/2. Since PMOS transistor Qg 
must now supply quiescent current to both R; and transistor 
Qyo, it should be apparent that under these conditions the sup- 
ply current must increase as an inverse function of the RL mag- 
nitude. Figure 20 shows the voltage-drop across PMOS 
transistor Qg as a function of load current at several supply volt- 
ages. Figure 17 shows the voltage transfer characteristics of 
the output stage for several values of load resistance. 


Wideband Noise 


From the standpoint of low-noise performance considerations, 
the use of the CA3160 is most advantageous in applications 
where in the source resistance of the input signal is on the 
order of 1MQ or more. In this case, the total input-referred noise 
voltage is typically only 40uV when the test circuit amplifier of 
Figure 2 is operated at a total supply voltage of 15V. This value 
of total input-referred noise remains essentially constant, even 
though the value of source resistance is raised by an order of 
magnitude. This characteristic is due to the fact that reactance 
of the input capacitance becomes a significant factor in shunt- 
ing the source resistance. It should be noted, however, that for 
values of source resistance very much greater than 1MQ, the 
total noise voltage generated can be dominated by the thermal 
noise contributions of both the feedback and source resistors. 
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FIGURE 1B. SINGLE POWER SUPPLY OPERATION 


FIGURE 1. CA3160 OUTPUT STAGE IN DUAL AND SINGLE 
POWER SUPPLY OPERATION 
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ac NOISE 
> VOLTAGE 
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BW (3dB) = 200kHz 1kQ 
TOTAL NOISE VOLTAGE 


(INPUT REFERRED = 40,:V (TYP) 


FIGURE 2. TEST CIRCUIT AMPLIFIER (30dB GAIN) USED FOR 
WIDEBAND NOISE MEASUREMENTS 
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FIGURE 3A. 
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Top Trace: Output 
Bottom Trace: Input 


FIGURE 3B. SMALL SIGNAL RESPONSE 


aad 


Top Trace: Output Signal 
Center Trace: Difference Signal 5mV/Div. 
Bottom Trace: Input Signal 


FIGURE 3C. INPUT-OUTPUT DIFFERENCE SIGNAL SHOWING 
SETTLING TIME 


FIGURE 3. DUAL SUPPLY VOLTAGE FOLLOWER WITH 
ASSOCIATED WAVEFORMS 


Typical Applications 


Voltage Followers 


Operational amplifiers with very high input resistances, like 
the CA3160, are particularly suited to service as voltage fol- 
lowers. Figure 3 shows the circuit of a classical voltage fol- 
lower, together with pertinent waveforms using the CA3160 
in a split-supply configuration. 


A voltage follower, operated from a single supply, is shown in 
Figure 4 together with related waveforms. This follower circuit 
is linear over a wide dynamic range, as illustrated by the 
reproduction of the output waveform in Figure 4B with input- 
signal ramping. The waveforms in Figure 4C show that the fol- 
lower does not lose its input-to-output phase-sense, even 
though the input is being swung 7.5V below ground potential. 
This unique characteristic is an important attribute in both 
operational amplifier and comparator applications. Figure 4C 
also shows the manner in which the COS/MOS output stage 
permits the output signal to swing down to the negative sup- 
ply-rail potential (i.e., ground in the case shown). The digital- 
to-analog converter (DAC) circuit, described in the following 
section, illustrates the practical use of the CA3160 in a single 
supply voltage follower application. 


9-Bit CMOS DAC 


A typical circuit of a 9-bit Digital-to-Analog Converter (DAC) 
(see Note 6) is shown in Figure 5. This system combines the 
concepts of multiple-switch CMOS ICs, a low-cost ladder 
network of discrete metal-oxide-film resistors, a CA3160 op 
amp connected as a follower, and an inexpensive monolithic 
regulator in a simple single power-supply arrangement. An 
additional feature of the DAC is that it is readily interfaced 
with CMOS input logic, e.g., 10V logic levels are used in the 
circuit of Figure 5. 


The circuit uses an R/2R voltage-ladder network, with the out- 
put-potential obtained directly by terminating the ladder arms at 
either the positive or the negative power supply terminal. Each 
CD4007A contains three inverters, each inverter functioning as 
a single-pole double-throw switch to terminate an arm of the 
R/2R network at either the positive or negative power-supply 
terminal. The resistor ladder is an assembly of 1% tolerance 
metal-oxide film resistors. The five arms requiring the highest 
accuracy are assembled with series and parallel combinations 
of 806,000 resistors from the same manufacturing lot. 


A single 15V supply provides a positive bus for the CA3160 
follower amplifier and feeds the CA3085 voltage regulator. A 
“scale-adjust” function is provided by the regulator output con- 
trol, set to a nominal 10V level in this system. The line-voltage 
regulation (approximately 0.2%) permits a 9-bit accuracy to be 
maintained with variations of several volts in the supply. The 
flexibility afforded by the CMOS building blocks simplifies the 
design of DAC systems tailored to particular needs. 


NOTE: 


6. “Digital-to-Analog Conversion Using the Harris CD4007A 
COS/MOS IC”, Application Note AN6080. 
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FIGURE 4A. 


Ns 


SSS SURE 3 SH: BS 
Top Trace: Output 
Bottom Trace: Input 


FIGURE 4B. OUTPUT WAVEFORM WITH GROUND REFERENCE 
SINE WAVE INPUT 


FIGURE 4C. OUTPUT SIGNAL WITH INPUT SIGNAL RAMPING 


FIGURE 4. SINGLE SUPPLY VOLTAGE FOLLOWER WITH 
ASSOCIATED WAVEFORMS. (e.g., FOR USE IN | 
SINGLE SUPPLY D/A CONVERTER; SEE FIGURE 9 
IN AN6080) 


Error-Amplifier in Regulated Power Supplies 


The CA3160 is an ideal choice for error-amplifier service in 
regulated power supplies since it can function as an error- 
amplifier when the regulated output voltage is required to 
approach zero. 


The circuit shown in Figure 6 uses a CA3160 as an error 
amplifier in a continuously adjustable 1A power supply. One 
of the key features of this circuit is its ability to regulate down 
to the vicinity of OV with only one DC power supply input. 


An RC network, connected between the base of the output 
drive transistor and the input voltage, prevents “turn-on 
overshoot”, a condition typical of many operational ampli- 
fier regulator circuits. As the amplifier becomes opera- 
tional, this RC network ceases to have any influence on the 
regulator performance. 


Precision Voltage-Controlled Oscillator 


The circuit diagram of a precision voltage-controlled oscillator 
is shown in Figure 7. The oscillator operates with a tracking 
error in the order of 0.02% and a temperature coefficient of 
0.01%/°C. A multivibrator (A;) generates pulses of constant 
amplitude (V) and width (T2). Since the output (Terminal 6) of 
A (a CA3130) can swing within about 10mvV of either supply- 
rail, the output pulse amplitude (V) is essentially equal to V+. 
The average output voltage (Eaycg = V T2/T4) is applied to the 
non-inverting Input terminal of comparator Ap via an integrat- 
ing network Rg, Co. Comparator Az operates to establish cir- 
Cuit conditions such that Eayeg = Vy. This circuit condition is 
accomplished by feeding an output signal from Terminal 6 of 
Az through Rgq, Dz to the inverting terminal (Terminal 2) of Aj, 
thereby adjusting the multivibrator interval, T3. 


Voltmeter With High Input Resistance 


The voltmeter circuit shown in Figure 8 illustrates an applica- 
tion in which a number of the CA3160 characteristics are 
exploited. Range-switch SW, is ganged between input and 
output circuitry to permit selection of the proper output volt- 
age for feedback to Terminal 2 via 10kQ current-limiting 
resistor. The circuit is powered by a single 8.4V mercury bat- 
tery. With zero input signal, the circuit consumes somewhat 
less than 500u/A plus the meter current required to indicate a 
given voltage. Thus, at full scale input, the total supply cur- 
rent rises to slightly more than 1500uA. 


3-105 


OPERATIONAL 


AMPLIFIERS 


CA3160, CA3160A 


10V LOGIC INPUTS 


+10.010V ¢© 


LSB 


9 8 7 
1) © 
“SWITCHES” 


O® © @ 
O® © 
0) igen Bisa 


806K 806K 750K 10K 
fe) ° 
"" tm ™ PARALLELED 
=- > RESISTORS UG | 
VOLTAGE REQUIRED OUTPUT 
REGULATOR RATIO-MATCH ag 


+15V 


Tes 


+10.010V 
LOAD 


22.1K 
1% 


1K REGULATED 


VOLTAGE os 
: ap3k ADJUST +1% ABS. 0.1,F 
1% 
- FIGURE 5. 9-BIT DAC USING CMOS DIGITAL SWITCHES AND CA3160 
2N6385 
(3) _ _ POWER DARLINGTON _ SHORT-CIRCUIT CURRENT 
40V INPUT LIMIT ADJUSTMENT 
= I 


sxc | OUTPUT 
OV TO 35V 

AT 1 

2.4kQ A 


1W 


2N2102 
kQ2 


1N914 56pF 


100,F -. 
25V | 
CA3086 


Hum and Noise Output <250uVa_ys; Regulation (No Load to Full Load) <0.005%; Input Regulation <0.01%/V 


FIGURE 6. VOLTAGE REGULATOR CIRCUIT (0.1V TO 35V AT 1A) 
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i T 
, 2 Ia ~~ VCO CONTROL VOLTAGE (Vj) 


V fo (OV - 10V) 
7. SENSITIVITY = 1kHz/V 
+15V f |< T; »| , : 


MULTI- 
VIBRATOR 
CA3130 


0.01uF 


Dj - Ds = 1N914 


FIGURE 7. VOLTAGE CONTROLLED OSCILLATOR 


BATTERY 
TEST 


300V 100MQ 300V 


3 POSITION 
SLIDE SWITCH 


9.9kQ 


BATTERY 
si BATTERY i 
SWia 3V 3V 1B i) _ 3V CAL. 
>—o— > o+—c (3 27kQ 8000 
INPUT 1V 1V 22MQ 6) ; 300V = 
300V 300V sail a , 100V 
: : 2002 : 
100V 100V alee : 30V 
~ —— 30V 30V ~ ov 
10V 10V ICAL. ay 
* ° - SWip 
1V 
300mV 
9kQ : 
100mv 
30mV 
9002 ° 
30mV 10mV 
10mV 100Q 


FIGURE 8. HIGH INPUT RESISTANCE DC VOLTMETER 
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Function Generator 


A function generator having a wide tuning range is shown in 
Figure 9. The adjustment range, in excess of 1,000,000/1, is 
accomplished by a single potentiometer. Three operational 
amplifiers are utilized: a CA3160 as a voltage follower, a 
CA3080 as a high speed comparator, and a second 
CA3080A as a programmable current source. Three variable 


capacitors Cy, Co, and C3 shape the triangular signal 
between 500kHz and 1MHz. Capacitors C4, Cs, and the 
trimmer potentiometer in series with Cs maintain essentially 
constant (+10%) amplitude up to 1MHz. 


20pF 
CENTERING THRESHOLD 
= BUFFER 100k2 DETECTOR 
9 +7.5V VOMAGE FOLLOWER -7.5V O—AWWAWW 0 47.5V 9 +7.5V 
VOLTAGE-CONTROLLED 0.9 - 7pF > +7.5V 430pF 30kQ 
CURRENT SOURCE Cy 
HIGH 
FREQ. 
SHAPE o i tame 6.8MQ 
(3) sd = (5) 
A3080A 
es (6) 3) 10kQ ie 
WIOLL © — pytosoor eo," C O1- 
(5) C fo) CA3080 (6 ) 
SYMMETRY | 47K EXTERNAL 
PA, SWEEPING INPUT 
j done 50kQ 
- 60p 
MAX FRE 
5 
+7.5V -7.5V HIGH FREQ 15 - 115pF 
FREQ = ADJUST = — 
ADJUST 


FIGURE 9A. HIGH INPUT RESISTANCE DC VOLTMETER 


NOTE: Asquare wave signal modulates the external sweeping input 
to produce 1Hz and 1MHz, showing the 1,000,000/1 frequency range 
of the Function Generator. 


FIGURE 10. TWO-TONE OUTPUT SIGNAL FROM THE 
FUNCTION GENERATOR 


NOTE: The bottom trace is the sweeping signal and the top trace is 
the actual generator output. The center trace displays the 1MHz signal 
via delayed oscilloscope triggering of the upper swept output signal. 


FIGURE 10A. TRIPLE-TRACE OF THE FUNCTION GENERATOR 
SWEEPING TO 1MHz 


FIGURE 10. 1,000,000/1 SINGLE CONTROL FUNCTION GENERATOR: 1Hz to 1MHz 
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+15V 
1002 100 
kK ke STEP HEIGHT 
ADJUST 

100 o 
kQ 

15 115pF 

FREQ 
ADJUST 


CHARGE 
COMMUTATING 
NETWORK 


MULTIVIBRATOR 


MULTIVIBRATOR RETRACE INHIBIT 


5.1kQ 


1N914 


STAIRCASE 
OUTPUT 


51k{2 
+15mV TO +10V 


100kQ2 


FIGURE 11A. 


Staircase Generator 


Figure 10 shows a staircase generator circuit utilizing three 
CMOS operational amplifiers. Two CA3130s are used; one 
as a multivibrator, the other as a hysteresis switch. The third 
amplifier, a CA3160, is used as a linear staircase generator. 


Picoammeter Circuit 


Figure 11 is a current-to-voltage converter configuration uti- 
lizing a CA3160 and CA3140 to provide a picoampere meter 
for 13pA full scale meter deflection. By placing Terminals 2 
and 4 of the CA3160 at ground potential, the CA3160 input 
is operated in the “guarded mode”. Under this operating con- 
dition, even slight leakage resistance present between Ter- 
minals 3 and 2 or between Terminals 3 and 4 would result in 
zero voltage across this leakage resistance, thus substan- 
tially reducing the leakage current. 


If the CA3160 is operated with the same voltage on input 
Terminals 3 and 2 as on Terminal 4, a further reduction in the 
input current to the less than one picoampere level can be 
achieved as shown in Figure 23. 


To further enhance the stability of this circuit, the CA3160 
can be operated with its output (Terminal 6) near ground, 
thus markedly reducing the dissipation by reducing the sup- 
ply current to the device. 


The CA3140 stage serves as a X100 gain stage to provide 
the required plus and minus output swing for the meter and 
feedback network. A 100-to-1 voltage divider network con- 
sisting of a 9.9kQ resistor in series with a 100Q2 resistor sets 


the voltage at the 10GQ resistor (in series with Terminal 3) to 
+30mV full-scale deflection. This 30mV signal results from 
+3V appearing at the top of the voltage divider network 
which also drives the meter circuitry. 


By utilizing a switching technique in the meter circuit and in 
the 9.9kQ and 1002 network similar to that used in voltmeter 
circuit shown in Figure 8, a current range of 3pA to 1nA full 
scale can be handled with the single 10GQ resistor. 


STAIRCASE | 


COMPARATOR : 5 betscsnbrsoainek 


OSCILLATOR ee 


Top Trace: Staircase Output 2V Steps 
Center Trace: Comparator 
Bottom Trace: Oscillator 


FIGURE 11B. STAIRCASE GENERATOR WAVEFORM 
FIGURE 11. STAIRCASE GENERATOR CIRCUIT 
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5.6kQ2 
560kS2 (4) 
= = = ae 50082 
9.1k02 | 
100g (Mi) 500-0-500)1A 
-15V ¢ 15V ¢ 


FIGURE 12. CURRENT-TO-VOLTAGE CONVERTER TO PROVIDE A PICOAMMETER WITH +3pA FULL SCALE DEFLECTION 


+15V O 100kQ2 9 +15V 


2200pF 
30pF +15V 
oD : 
1MQ 39kQ 
: (3) ; ) — 0.4,1F 
ws) PN) om) ul 
@) or CA3080A>(6 ) (3) 
(5) 3) + C6) 


a (a) 100k: ea 
oir (5) A o (4) : 


8.2kQ DROOP 0.1,F 
OFFSET 27kQ ZERO 39kQ 
VOLTAGE ADJUST 
ADJUST 500A 


STROBE INPUT 


SAMPLE = 15V 
2kQ2 HOLD= OV 


FIGURE 13A. 


SAMPLED 
OUTPUT SAMPLED 
OUTPUT 
OV- 
INPUT INPUT OV- 
SIGNAL 
SAMPLING 
SaMronG PULSES 
Top Trace: Sampled Output Top Trace: Sampled Output 
Center Trace: Input Signal Center Trace: Input Signal 
Bottom Trace: Sampling Pulses Bottom Trace: Sampling Pulses 
FIGURE 13B. SAMPLE AND HOLD WAVEFORM FIGURE 13C. SAMPLE AND HOLD WAVEFORM 


FIGURE 13. SINGLE SUPPLY SAMPLE AND HOLD SYSTEM, INPUT OV TO 10V 
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Single Supply Sample-and-Hold System 


Figure 12 shows a single supply sample-and-hold system 
using a CA3160 to provide a high input impedance and an 
input voltage range of OV to 10V. The output from the input 
buffer integrator network is coupled to a CA3080A. The 
CA3080A functions as a strobeable current source for the 
CA3140 output integrator and storage capacitor. The 
CA3140 was chosen because of its low output impedance 
and constant gain-bandwidth product. Pulse “droop” during 
the hold interval can be reduced to zero by adjusting the 
100kQ bias-voltage potentiometer on the positive input of 
the CA3140. This zero adjustment sets the CA3080A output 
voltage at its zero current position. In this sample-and-hold 
circuit it is essential that the amplifier bias current be 
reduced to zero to minimize output signal current during the 
hold mode. Even with 320mV at the amplifier bias circuit ter- 
minal (5) at least 1100pA of output current will be available. 


Wien Bridge Oscillator 


A simple, single supply Wien Bridge oscillator using a 
CA3160 is shown in Figure 13. A pair of parallel-connected 
1N914 diodes comprise the gain-setting network which 
standardizes the output voltage at approximately 1.1V. The 
500Q potentiometer is adjusted so that the oscillator will 
always start and the oscillation will be maintained. Increas- 
ing the amplitude of the voltage may lower the threshold 
level for starting and for sustaining the oscillation, but will 
introduce more distortion. 


OUTPUT 
f = 100kHz 
2% THD AT 1.1Vp.p 


2-1N914 


__——————————— 
2 1 V(Ryq Il Ro) Cz Rg Co 


FIGURE 14. SINGLE SUPPLY WEIN BRIDGE OSCILLATOR 


Operation with Output Stage Power Booster 


The current sourcing and sinking capability of the CA3160 out- 
put stage is easily supplemented to provide power-boost capa- 
bility. In the circuit of Figure 14, three CMOS transistor-pairs in 
a single CA3600 IC array are shown parallel-connected with the 
output stage in the CA3160. In the Class A mode of CA3600E 
shown, a typical device consumes 20mA of supply current at 
15V operation. This arrangement boosts the current-handling 
capability of the CA3160 output stage by about 2.5X. 


The amplifier circuit in Figure 14 employs feedback to estab- 
lish a closed-loop gain of 20dB. The typical large-signal- 
bandwidth (-3dB) is 190kHz. 


OPERATIONAL 
AMPLIFIERS 


5 +15V 


I } 
ALE CA3600 
= ' Qp1 Qp2 Qp3 , 
f i 
Go ‘ma 
680kQ 
I | 
i i 
INPUT i 1 
2) 500uF 
ine 2 Om | © 
rf it _ . 
100mw 
AT 10% 
THD 
A = 20dB = 
LARGE SIGNAL 


BW (-3dB) = 190kHz 


FIGURE 15. CMOS TRANSISTOR ARRAY (CA3600E) CONNECTED AS POWER BOOSTER IN THE OUTPUT STAGE OF THE CA3160 
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Typical Performance Curves 


OPEN LOOP VOLTAGE GAIN (dB) 


OPEN LOOP PHASE (DEGREES) 


10° 
FREQUENCY (Hz) 


FIGURE 16. OPEN LOOP VOLTAGE GAIN AND PHASE SHIFT 


OUTPUT VOLTAGE [TERMS. 4 AND 6] (V) 


an 


vs FREQUENCY 


V+ = 15V, V- =0V 


12.5 15 
"GATE VOLTAGE [TERMINALS 4 AND 8] (V) 


FIGURE 18. VOLTAGE TRANSFER CHARACTERISTICS OF 


QUIESCENT SUPPLY CURRENT (mA) 
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2 4 6 8 10 12 
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FIGURE 20. QUIESCENT SUPPLY CURRENT vs SUPPLY 
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FIGURE 17. OPEN LOOP GAIN vs TEMPERATURE 
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FIGURE 19. QUIESCENT SUPPLY CURRENT vs SUPPLY 
VOLTAGE 
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FIGURE 21. VOLTAGE ACROSS PMOS OUTPUT TRANSISTOR 
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Typical Performance Curves (Continued) 
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FIGURE 22. VOLTAGE ACROSS NMOS OUTPUT TRANSISTOR 
(Q2) vs LOAD CURRENT 
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FIGURE 24. INPUT CURRENT vs COMMON MODE VOLTAGE 
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FIGURE 23. EQUIVALENT NOISE VOLTAGE vs FREQUENCY 
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FIGURE 25. INPUT CURRENT vs TEMPERATURE 
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FIGURE 26. TYPICAL INCREMENTAL OFFSET VOLTAGE SHIFT vs OPERATING LIFE 
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1.2MHz, BICMOS 
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Features — Description 


¢« Low Vio The CA3193A and CA3193 are ultra-stable, precision 
- CA3193A0 .... ccc ccc cece ccc cecuuee 200uV (Max) instrumentation, operational amplifiers that employ both 
. PMOS and bipolar transistors on a single monolithic chip. 
cial tice ie es ees The CA3193A and CA3193 amplifiers are internally phase 
Low AVio/AT compensated and provide a gain bandwidth product of 
=~ CASIOSA . vcuccvdicucuavsaeecedne 3uV/°C (Max) 1.2MHz. They are pin compatible with the industry 741 
IE br eneke omens ees kewinee mes 5uV/°C (Max) series and many other IC op amps, and may be used as 
replacements for 741 series types in most applications. 


The CA3193A and CA3193 can also be used as functional 

Low Aljo/AT: CA3193...........4.. 150pA/°C (Max) replacements for op amp types 725, 108A, OP-5, OP-7, 
Low AIJAT: CA3193.........000000. 3.7nA/°C (Max) LM11 and LM714 in many applications where nulling is not | 
employed. Because of their low offset voltage and low offset | 
Apoplicati voltage vs temperature coefficient the CA3193A and 
pplications CA3193 amplifiers have a wider range of applications than 
¢ Thermocouple Preamplifiers most op amps and are particularly well suited for use as 
7 thermocouple amplifiers, high gain filters, buffer, strain 

* Strain Gauge Bridge Amplifiers gauge bridge amplifiers and precision voltage references. 


* Summing Amplifiers The two types in the CA3193 series are functionally | 
identical. The CA3193A and CA3193 operate from supply 
voltages of +3.5V to +18V. | 


Low lio and || 


¢ Differential Amplifiers 


¢ Bilateral Current Sources . . 
a Ordering Information 
e Log Amplifiers 


: ; TEMP. 
Differential Voltmeters PART NUMBER | RANGE (°C) PACKAGE | 


Precision Voltage References CA3193AE -25to85 |8LdPDIP 

Active Filters CA3193AT -25to85 | 8 Pin Metal Can 
CA3193T 0 to 70 8 Pin Metal Can T8.C 

Integrators T8.c 


Sample-and-Hold Circuits 


Low Frequency Filters 


Pinouts 


CA3193 CA3193 
(METAL CAN) (PDIP) 
TOP VIEW TOP VIEW 


OFFSET NULL | 1) 18} NC 
INV. INPUT | 2) V+ 
NON-INV. INPUT = i 16 | OUTPUT 
v- [4] |S | OFFSET NULL 


NOTE: Pin 4 is connected to case on S and T suffix. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 249.2 
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Dual, 4.5MHz, BiMOS Operational Amplifier 


November 1996 


Features 
e Dual Version of CA3140 
¢ Internally Compensated 
e MOSFET Input Stage 
- Very High Input Impedance (Z)j) 1.5TQ (Typ) 
- Very Low Input Current (I}) 10pA Typ. at +15V 
- Wide Common-Mode Input Voltage Range (VicpR): 
Can Be Swung 0.5V Below Negative Supply Voltage 
Rail 
¢ Directly Replaces Industry Type 741 in Most 
Applications 


Applications 
Ground Referenced Single Amplifiers in Automobile 
and Portable Instrumentation 
Sample and Hold Amplifiers 
Long Duration Timers/Multivibrators (Microseconds- 
Minutes-Hours) 
Photocurrent Instrumentation 


Intrusion Alarm System ¢ Active Filters 


Comparators ¢ Function Generators 


Instrumentation Amplifiers °« Power Supplies 


Pinouts 


CA3240, CA3240A, (PDIP) 
TOP VIEW 


18 | V+ 


OUTPUT 
INV. 

[6 | input (B) 
NON-INV. 

5] input (B) 


OUTPUT (A) | 1] 


INV. 
INPUT (A) L2 


NON-INV. 
INPUT (A) ki 


v- | 4) 


CA3240, CA3240A, (PDIP) 
TOP VIEW 


2] OUTPUT (A) 


HO} OUTPUT (B) 


INV. 
INPUT (B) 


+ Pins 9 and 13 internally connected through approximately 3Q. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


3-115 


Copyright © Harris Corporation 1996 


with MOSFET Input/Bipolar Output 


Description 


The CA3240A and CA3240 are dual versions of the popular 
CA3140 series integrated circuit operational amplifiers. They 
combine the advantages of MOS and bipolar transistors on the 
same monolithic chip. The gate-protected MOSFET (PMOS) 
input transistors provide high input impedance and a wide 
common-mode input voltage range (typically to 0.5V below the 
negative supply rail). The bipolar output transistors allow a wide 
output voltage swing and provide a high output current capability. 


The CA3240A and CA3240 are compatible with the industry 
standard 1458 operational amplifiers in similar packages. The off- 
set null feature is available only when these types are supplied in 
the 14 lead PDIP package (E1 suffix). 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) PACKAGE 


Functional Diagram 


BIAS CIRCUIT 
CURRENT SOURCES 
AND REGULATOR 


Ue 


rrr 3@—3@|— ee = = 


OFFSET NULL 


NOTE: Only available with 14 lead DIP (E1 Suffix). 


File Number 


1050.3 
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Absolute Maximum Ratings 


Supply Voltage (Between V+ and V-)...............00005- 36V 
Differential (WPUl VOUBOS. «icc cscecissereccaeeveevewe wae 8V 
GUE VONBOEs. «6205 knee ne oe ove ern Saree (V+ +8V) to (V- -0.5V) 
pt CO aga 0s 5e6% 00 oo vee ob dee sens e2eueewn Fee 1mA 
Output Short Circuit Duration (Note 1)................ Indefinite 
Operating Conditions 

Temperature Range .............00.0 eee e cease -40°C to 85°C 
Voge FGNGG .01 sdsacsewe ek edeenaes 4V to 36V or +2V to +18V 


Thermal Information 


Thermal Resistance (Typical, Note 2) B ya (CCW) 
8 Lead PDIP PACKAGE «0.5.00 ccreeew eee ne ene 100 
14 Lead POIP PAGKAGG cess xcdeesa dw etwews 100 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Short circuit may be applied to ground or to either supply. Temperatures and/or supply voltages must be limited to keep dissipation within 


maximum rating. 


2. @yja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications — For Equipment Design, Vsyppyy = +15V, Ta = 25°C, Unless Otherwise Specified 


PARAMETER 
Input Offset Voltage 


+ 


Ww a a) 
. on 


Y 


SYMBOL 


Vio 


| Vio 
Elio 
Input Current | hh | 


Large-Signal Voltage Gain AoL 
(See Figures 13, 28) (Note 3) 
Common Mode Rejection CMRR 
Ratio (See Figure 18) 
PSRR 
(AViO/AV+ 
Maximum Output Voltage (Note 4) 


(See Figures 24, 25) 14 
I+ 


Input Offset Current 


Common Mode Input Voltage 
Range (See Figure 25) 


Power Supply Rejection Ratio 


20 
70 
“15 
(See Figure 20) 76 


— 
—s 


| 


Maximum Output Voltage (Note 5 


Total Supply Current 
(See Figure 16) For Both Amps 


Total Device Dissipation | Pp | 
NOTES: 

3. At Vo = 26Vp_p, +12V, -14V and R, = 2kQ. 
4. At Ry = 2kQ. 

5. At V+ = 5V, V- = GND, Isinx = 200pA. 


— 
ine) 


Nh 
- 


Electrical Specifications 


PARAMETER 


Input Offset Voltage Adjustment Resistor 
(E1 Package Only) 


Input Resistance 


Output Resistance 


Equivalent Wideband Input Noise Voltage 
(See Figure 2) 


100 
100 


ine) 


-15.5 to 
+12.5 


100 


-14.4 
0.13 


0 


CA3240A 


T 


3 
5 


oO 


100 


oni 
2) uo 


tye 
pe 
pos | 
| 10 
| 100 
| 100 
320 | 32 


11 -15 


2 
7 
150 
7 


_ 
ine) 


0 
0 
| 100 
J ae 
a 
14 | 144 


-14.4 


| 


5 

20 

40 

320 
-15.5 to 12 
+12.5 

150 

12 

360 


ine) 


¥P 
0.5 
10 
100 
32 
13 
240 


oO; 4 
> 


360 


| 360] 


For Equipment Design, Vsyppiy = +15V, Ta = 25°C, Unless Otherwise Specified 


TYPICAL VALUES 
SYMBOL TEST CONDITIONS CA3240A 


Typical Value of Resistor Between Terminals 4 and 
3(5) or Between 4 and 14(8) to Adjust Maximum Vio9 
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Electrical Specifications — For Equipment Design, Vsyppiy = +15V, Ta = 25°C, Unless Otherwise Specified 


TYPICAL VALUES 
PARAMETER SYMBOL TEST CONDITIONS UNITS 


Equivalent Input Noise Voltage ey | f = 1kHz, Rg = 1000 | 40 | 40 |nVNHz 
poae Pigune 12) f= 10kHz, Rg = 1002 nVA/Hz 


Gain Bandwidth Product (See Figures 14, 28) | ofr | 
Slew Rate (See Figure 15) | SR | 
| ty | RL = 2kQ, C_ = 100pF Rise Time 0.08 


Transient Response (See Figure 1) 
Ry = 2kQ, Cy = 100pF Overshoot 
Settling Time at 10 Vp.p (See Figure 26) Ay = +1, Ry = 2kQ, Cy = 100pF, To 1mV 4.5 
Voltage Follower 


To 10mV 1.4 
Crosstalk (See Figure 23) Le T= 1khz 


Electrical Specifications — For Equipment Design, at Vsyppry = +15V, Ta = -40 to 85°C, Unless Otherwise Specified 


PARAMETER SYMBOL 


Input Offset Voltage 
Input Offset Current (Note 8) Fs tligh | 


Input Current (Note 8) 


Large Signal Voltage Gain (See Figures 13, 28), (Note 6) 
Common Mode Rejection Ratio (See Figure 18) CMRR 


Common Mode Input Voltage Range (See Figure 25) -15 to +12.3 
Power Supply Rejection Ratio (See Figure 20) PSRR 150 


(AVio/AV$) 76 


Vomt+ 


fT 
SR 
tr 
OS 
ts 


TYPICAL VALUES 


CA3240A CA3240 UNITS 


OPERATIONAL 
AMPLIFIERS 


rs a 
Cs Ce ee 
ee 
ae ee 

rs a 
|e 


6. At Vo = 26Vp.p, +12V, -14V and Ry = 2kQ. 
7. At Ry = 2kQ. 
8. At Ta = 85°C. 


Electrical Specifications — For Equipment Design, at V+ = 5V, V- = OV, Ta = 25°C, Unless Otherwise Specified 


TYPICAL VALUES 
SYMBOL 


PARAMETER CA3240 


Large Signal Voltage Gain (See Figures 13, 28) 
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Electrical Specifications — For Equipment Design, at V+ = 5V, V- = OV, Ta = 25°C, Unless Otherwise Specified (Continued) 


Power Supply Rejection Ratio PSRR uV/V 


Maximum Output Voltage (See Figures 24, 25) 3 


|B 

. 

Maximum Output Current 
Pee ee 
[mA 


oi 
mA 


Test Circuits and Waveforms 


m 


50mV/Div., 200ns/Div. 
Top Trace: Input, Bottom Trace: Output Top Trace: Input, Bottom Trace: Output 


FIGURE 1A. SMALL SIGNAL RESPONSE FIGURE 1B. LARGE SIGNAL RESPONSE 


SIMULATED 
LOAD 
~e-1 


kt 
100pF =~ = 2k 
| 


t@i 


BW (-3dB) = 4.5MHz 
SR = 9Vius 


0.05uF 


FIGURE 1C. TEST CIRCUIT 
FIGURE 1. SPLIT-SUPPLY VOLTAGE FOLLOWER TEST CIRCUIT AND ASSOCIATED WAVEFORMS 
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Test Circuits and Waveforms (continued) 


+15V 4 


o NOISE 
VOLTAGE 
OUTPUT 


30.1kQ 


BW (-3dB) = 140kHz 1kQ2 


TOTAL NOISE VOLTAGE a 
(REFERRED TO INPUT) = 48: V (TYP) 


FIGURE 2. TEST CIRCUIT AMPLIFIER (30dB GAIN) USED FOR WIDEBAND NOISE MEASUREMENT 


Schematic Diagram (One Amplifier of Two) 


BIAS CIRCUIT INPUT STAGE SECOND STAGE OUTPUT STAGE DYNAMIC CURRENT SINK 


OPERATIONAL 
AMPLIFIERS 


I 
I 
i 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
1 OUTPUT 


INVERTING © 
INPUT ~ 


NON-INVERTING ¢ 
INPUT + 


OFFSET NULL (NOTE 9) V- 


NOTES: 
9. Only available with 14 Lead DIP (E1 Suffix). 
10. All resistance values are in ohms. 
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Application Information 
Circuit Description 


The schematic diagram details one amplifier section of the 
CA3240. It consists of a differential amplifier stage using PMOS 
transistors (Qg and Qj9) with gate-to-source protection against 
static discharge damage provided by zener diodes D3, D4, and 
Ds. Constant current bias is applied to the differential amplifier 
from transistors Qo and Qs connected as a constant current 
source. This assures a high common-mode rejection ratio. The 
output of the differential amplifier is coupled to the base of gain 
stage transistor Q13 by means of an NPN current mirror that 
supplies the required differential-to-single-ended conversion. 
Provision for offset null for types in the 14 lead plastic package 
(E1 suffix) is provided through the use of this current mirror. 


The gain stage transistor Q13 has a high impedance active load 
(Q3 and Q4) to provide maximum open-loop gain. The collector 
of Q 43 directly drives the base of the compound emitter-follower 
output stage. Pulldown for the output stage is provided by two 
independent circuits: (1) constant-current-connected transistors 
Q44 and Q45 and (2) dynamic current-sink transistor Qyg and 
its associated circuitry. The level of pulldown current is constant 
at about 1MA for Q;5 and varies from 0 to 18mA for Qy6 
depending on the magnitude of the voltage between the output 
terminal and V+. The dynamic current sink becomes active 
whenever the output terminal is more negative than V+ by 
about 15V. When this condition exists, transistors Qo, and Q1¢ 
are turned on causing Q;¢ to sink current from the output termi- 
nal to V-. This current always flows when the output is in the lin- 
ear region, either from the load resistor or from the emitter of 
Q 8 if no load resistor is present. The purpose of this dynamic 
sink is to permit the output to go within 0.2V (Vcg (sat)) of V- 
with a 2kQ load to ground. When the load is returned to V+, it 
may be necessary to supplement the 1mA of current from Q5, 
in order to turn on the dynamic current sink (Qg). This may be 
accomplished by placing a resistor (Approx. 2kQ) between the 
output and V-. 


Output Circuit Considerations 


Figure 24 shows output current-sinking capabilities of the 
CA3240 at various supply voltages. Output voltage swing to 
the negative supply rail permits this device to operate both 
power transistors and thyristors directly without the need for 
level-shifting circuitry usually associated with the 741 series 
of operational amplifiers. 


Figure 3 shows some typical configurations. Note that a series 
resistor, RL, is used in both cases to limit the drive available to 
the driven device. Moreover, it is recommended that a series 
diode and shunt diode be used at the thyristor input to prevent 
large negative transient surges that can appear at the gate of 
thyristors, from damaging the integrated circuit. 


Input Circuit Considerations 


As indicated by the typical VICR, this device will accept 
inputs as low as 0.5V below V-. However, a series current- 
limiting resistor is recommended to limit the maximum input 
terminal current to less than 1mA to prevent damage to the 
input protection circuitry. 


Moreover, some current-limiting resistance should be pro- 
vided between the inverting input and the output when the 


CA3240 is used as a unity-gain voltage follower. This resis- 
tance prevents the possibility of extremely large input-signal 
transients from forcing a signal through the input-protection 
network and directly driving the internal constant-current 
source which could result in positive feedback via the output 
terminal. A 3.9kW resistor is sufficient. 


The typical input current is on the order of 10pA when the 
inputs are centered at nominal device dissipation. As the 
output supplies load current, device dissipation will increase, 
rasing the chip temperature and resulting in increased input 
current. Figure 4 shows typical input-terminal current versus 
ambient temperature for the CA3240. 


FIGURE 3. METHODS OF UTILIZING THE Vce (sat) SINKING 
CURRENT CAPABILITY OF THE CA3240 SERIES 
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FIGURE 4. INPUT CURRENT vs TEMPERATURE 


It is well known that MOSFET devices can exhibit slight 
changes in characteristics (for example, small changes in 
input offset voltage) due to the application of large differen- 
tial input voltages that are sustained over long periods at 
elevated temperatures. 
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Both applied voltage and temperature accelerate these 
changes. The process is reversible and offset voltage shifts 
of the opposite polarity reverse the offset. In typical linear 
applications, where the differential voltage is small and sym- 
metrical, these incremental changes are of about the same 
magnitude as those encountered in an operational amplifier 
employing a bipolar transistor input stage. 


Offset-Voltage Nulling 


The input offset voltage of the CA3240AE1 and CA3240E1 
can be nulled by connecting a 10kQ potentiometer between 
Terminals 3 and 14 or 5 and 8 and returning its wiper arm to 
Terminal 4, see Figure 5A. This technique, however, gives 
more adjustment range than required and therefore, a consid- 
erable portion of the potentiometer rotation is not fully utilized. 
Typical values of series resistors that may be placed at either 
end of the potentiometer, see Figure 5B, to optimize its utiliza- 
tion range are given in the table “Electrical Specifications for 
Equipment Design” shown on third page of this data sheetAn 
alternate system is shown in Figure 5C. This circuit uses only 
one additional resistor of approximately the value shown in 
the table. For potentiometers, in which the resistance does not 
drop to 0Q at either end of rotation, a value of resistance 10% 
lower than the values shown in the table should be used. 


Typical Applications 


On/Off Touch Switch 


The on/off touch switch shown in Figure 6 uses the 
CA3240E to sense small currents flowing between two con- 
tact points on a touch plate consisting of a PC board metalli- 


h V- 
FIGURE 5A. BASIC 


zation “grid”. When the “on” plate is touched, current flows 
between the two halves of the grid causing a positive shift in 
the output voltage (Terminal 7) of the CA3240E. These posi- 
tive transitions are fed into the CA3059, which is used as a 
latching circuit and zero-crossing TRIAC driver. When a pos- 
itive pulse occurs at Terminal 7 of the CA3240E, the TRIAC 
is turned on and held on by the CA3059 and its associated 
positive feedback circuitry (51kQ resistor and 36kQ/42kQ 
voltage divider). When the positive pulse occurs at Terminal 
1 (CA3240E), the TRIAC is turned off and held off in a simi- 
lar manner. Note that power for the CA3240E is supplied by 
the CA3059 internal power supply. 


The advantage of using the CA3240E in this circuit is that it 
can sense the small currents associated with skin conduc- 
tion while allowing sufficiently high circuit impedance to pro- 
vide protection against electrical shock. 


Dual Level Detector (Window Comparator) 


Figure 7 illustrates a simple dual liquid level detector using 
the CA3240E as the sensing amplifier. This circuit operates 
on the principle that most liquids contain enough ions in 
solution to sustain a small amount of current flow between 
two electrodes submersed in the liquid. The current, induced 
by an 0.5V potential applied between two halves of a PC 
board grid, is converted to a voltage level by the CA3240E in 
a circuit similar to that of the on/off touch switch shown in 
Figure 6. The changes in voltage for both the upper and 
lower level sensors are processed by the CA3140 to activate 
an LED whenever the liquid level is above the upper sensor 
or below the lower sensor.. 


R (NOTE 11) (NOTE 11) 


b \- 
FIGURE 5B. IMPROVED RESOLUTION 


FIGURE 5C. SIMPLER IMPROVED RESOLUTION 


NOTE: 


11. See Electrical Specification Table on Third page of this data sheet for value of R. 
FIGURE 5. THREE OFFSET-VOLTAGE NULLING METHODS, (CA3240AE1, CA3240E1 ONLY) 
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44M 10K (2W) 
+6V : pee 
1M (8) 36K >\ 40W 
= (6 ) _ (5) 20 2 120V LIGHT 
— 2 
0.01uF p +6V 
- a. 6) O mS @. a T2300B (NOTE 10) 
5.1M 
caste (3) =p D 7) 2 COMMON 
=" 0.01uF i re +6V SOURCE Fp. 1000 (16V) 
44M 
NOTE: 
12. At220V operation, TRIAC should be T2300D, Rs = 18K, 5W. 
FIGURE 6. ON/OFF TOUCH SWITCH 
12M 
+15V 
7) bia uF 
6802 

(4) €3 LED 
LED ON WHEN 
LIQUID OUTSIDE 
OF LIMITS 


FIGURE 7. DUAL LEVEL DETECTER 


Constant-Voltage/Constant-Current Power Supply 


The constant-voltage/constant-current power supply shown 
in Figure 8 uses the CA3240E1 as a voltage-error and cur- 
rent-sensing amplifier. The CA3240E1 is ideal for this appli- 
cation because its input common-mode voltage range 
includes ground, allowing the supply to adjust from 20mV to 
25V without requiring a negative supply voltage. Also, the 
ground reference capability of the CA3240E1 allows it to 
sense the voltage across the 19 current-sensing resistor in 
the negative output lead of the power supply. The CA3086 
transistor array functions as a reference for both constant- 
voltage and constant-current limiting. The 2N6385 power 
Darlington is used as the pass element and may be required 
to dissipate as much as 40W. Figure 9 shows the transient 
response of the supply during a 100mA to 1A load transition. 


Precision Differential Amplifier 


Figure 10 shows the CA3240E in the classical precision dif- 
ferential amplifier circuit. The CA3240E is ideally suited for 
biomedical applications because of its extremely high input 
impedance. To insure patient safety, an extremely high elec- 
trode series resistance is required to limit any current that 
might result in patient discomfort in the event of a fault condi- 
tion. In this case, 10MQ resistors have been used to limit the 
current to less than 2uA without affecting the performance of 
the circuit. Figure 11 shows a typical electrocardiogram 
waveform obtained with this circuit. 
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2N6385 
DARLINGTON 
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CA3240E1 
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Tt Te 82K 
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CA3240E1 


CA3086E 
—_—_————— 


TRANSISTOR 
ARRAY 


ee i 


OPFOCOPFO-] 


10 
me CHASSIS GROUND 100K 4W 


Vo RANGE = 20mV TO 25V OUTPUT HUM AND NOISE < 150uVams 


LOAD REGULATION: (10MHz BANDWIDTH) 
VOLTAGE <0.08% SINE REGULATION < 0.1%/Vo 
CURRENT <0.05% lo RANGE = 10mA - 1.3A 


FIGURE 8. CONSTANT-VOLTAGE/CONSTANT-CURRENT POWER SUPPLY 


Top Trace: Output Voltage; 
500mV/Div., 5us/Div. 


Bottom Trace: Collector Of Load Switching Transistor 
Load = 100mA to 1A; 5V/Div., 5us/Div. 


FIGURE 9. TRANSIENT RESPONSE 
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10M 
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45V el 


FIGURE 10. PRECISION DIFFERENTIAL AMPLIFIER 


Vertical: 1.0mV/Div. 
Amplifier Gain = 100X 
Scope Sensitivity = 0.1V/Div. 


Horizontal: >0.2s/Div. (Uncal) 


FIGURE 11. TYPICAL ELECTROCARIOGRAM WAVEFORM 


Differential Light Detector 


In the circuit shown in Figure 12, the CA3240E converts the 
current from two photo diodes to voltage, and applies 1V of 
reverse bias to the diodes. The voltages from the CA3240E 
outputs are subtracted in the second stage (CA3140) so that 
only the difference is amplified. In this manner, the circuit 
can be used over a wide range of ambient light conditions 
without circuit component adjustment. Also, when used with 
a light source, the circuit will not be sensitive to changes in 
light level as the source ages. 
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0.015uF 


C30809 
PHOTO 


DIODE > OUTPUT 


0.015uF 
FIGURE 12. DIFFERENTIAL LIGHT DETECTOR 


Typical Performance Curves 
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FIGURE 13. OPEN LOOP VOLTAGE GAIN vs SUPPLY VOLTAGE FIGURE 14. GAIN BANDWIDTH PRODUCT vs SUPPLY VOLTAGE 
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FIGURE 15. SLEW RATE vs SUPPLY VOLTAGE FIGURE 16. QUIESCENT SUPPLY CURRENT vs SUPPLY VOLTAGE 
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Typical Performance Curves (continued) 
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FIGURE 17. MAXIMUM OUTPUT VOLTAGE SWING vs 
FREQUENCY 
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FIGURE 19. EQUIVALENT INPUT NOISE VOLTAGE vs 
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FIGURE 21. OUTPUT SINK CURRENT vs OUTPUT VOLTAGE 
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FIGURE 18. COMMON MODE REJECTION RATIO vs 
FREQUENCY 


POWER SUPPLY 
REJECTION RATIO = AVio/AVs 


| TIPS T Tree tT 
ee, Se 
[| | -psar Bh Nl 


I TT 
ont Sill 
LT UT | Ut TN SCOINSIL 


{I 
ACETIC 
TT TT YT ta PST TTT 


10! 102 103 104 10° 108 10” 


POWER SUPPLY REJECTION RATIO (dB) 


FREQUENCY (Hz) 


FIGURE 20. POWER SUPPLY REJECTION RATIO vs 
FREQUENCY 
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FIGURE 22. SUPPLY CURRENT vs OUTPUT VOLTAGE 
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Typical Performance Curves (Continued) 
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AMP B > AMPA 


CROSSTALK (dB) 
SATURATION VOLTAGE (mV) 


OUTPUT STAGE TRANSISTOR (Q5, Q4¢) 


FREQUENCY (Hz) LOAD (SINKING) CURRENT (mA) 


FIGURE 23. CROSSTALK vs FREQUENCY FIGURE 24. VOLTAGE ACROSS OUTPUT TRANSISTORS Q45 
AND Qig¢ vs LOAD CURRENT 
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FIGURE 25. OUTPUT VOLTAGE SWING CAPABILITY AND COMMON MODE INPUT VOLTAGE RANGE vs SUPPLY VOLTAGE 
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Typical Performance Curves (continued) 
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Features 


e MOSFET Input Stage provides 
- Very High Z, = 1.5TQ (1.5 x 10'20) (Typ) 
- Very Low |, = 5pA (Typ) at 15V Operation 
= 2pA (Typ) at 5V Operation 


e Ideal for Single Supply Applications 


¢ Common Mode Input Voltage Range Includes 
Negative Supply Rail; Input Terminals Can be Swung 
0.5V Below Negative Supply Rail 


¢ CMOS Output Stage Permits Signal Swing to Either 
(Or Both) Supply Rails 


Applications 
¢ Ground Referenced Single Supply Amplifiers 
e Fast Sample-Hold Amplifiers 
¢ Long Duration Timers/Monostables 
¢ Ideal Interface with Digital CMOS 
High Input Impedance Wideband Amplifiers 


Voltage Followers (e.g. Follower for Single Supply D/A 
Converter) 


Voltage Regulators (Permits Control of Output Voltage 
Down to OV) 


Wien Bridge Oscillators 
Voltage Controlled Oscillators 


Photo Diode Sensor Amplifiers 


Pinouts 
CA3260, CA3260A (PDIP) 
TOP VIEW 


| 5 | NON INV. INPUT (B) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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4MHz, BiMOS Operational Amplifier 
with MOSFET Input/CMOS Output 


Description 


CA3260A and CA3260 are integrated circuit operational 
amplifiers that combine the advantage of both CMOS and 
bipolar transistors on a monolithic chip. The CA3260 series 
circuits are dual versions of the popular CA3160 series. 


Gate protected P-Channel MOSFET (PMOS) transistors are 
used in the input circuit to provide very high input 
impedance, very low input current, and exceptional speed 
performance. The use of PMOS field effect transistors in the 
input stage results in common mode input voltage capability 
down to 0.5V below the negative supply terminal, an 
important attribute in single supply applications. 


A complementary symmetry MOS (CMOS) transistor pair, 
capable of swinging the output voltage to within 10mV of 
either supply voltage terminal (at very high values of load 
impedance), is employed as the output circuit. 


The CA3260 Series circuits operate at supply voltages 
ranging from 4V to 16V, or +2V to +8V when using split 
supplies. The CA3260A offers superior input characteristics 
over those of the CA3260. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


CA3260E -55to125 |8LdPDIP 


CA3260T -55to 125 |8 Pin Metal Can 
CA3260AE -55to125 |8Ld PDIP 
CA3260AT -55to125 |8 Pin Metal Can 


CA3260, CA3260A (METAL CAN) 
TOP VIEW 
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Absolute Maximum Ratings Thermal Information 
DC Supply Voltage (V+ to V-)... 0... 0... cc cece eee eee 16V Thermal Resistance (Typical, Note 2) BJA (°C/W) @ JC (CW) 
DC Input Voltage ................00005. (V+ +8V) to (V- -0.5V) PUP PACKOOS « ciaceeadaesdanawae 100 N/A 
Differential Input Voltage... ..... 20... . cece eee eee ees 8V Metal Can Package............... 165 1 
Wiput Teriiitial GUGM 6 osc cccbéetdw ete osexcevawiauesas 1mA Maximum Junction Temperature (Metal Can Package) ....... 178°C 
Output Short Circuit Duration (Note 1)................ Indefinite | Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Operating Conditions Maximum Lead Temperature (Soldering 10s)............. 300°C 
Temperature Range ..............00es ec eees -55°C to 125°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. Short circuit may be applied to ground or to either supply. 
2. 8ya is Measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications —T, = 25°C, Typical Values Intended Only for Design Guidance 


TYPICAL VALUES 
PARAMETER SYMBOL TEST CONDITIONS CA3260A CA3260 
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Electrical Specifications — For Each Amplifier at Ta = 25°C, V+ = 15V, V- = OV, Unless Otherwise Specified 
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Electrical Specifications — For Each Amplifier at Ta = 25°C, V+ = 15V, V- = OV, Unless Otherwise Specified (Continued) 


TEST 


Common Mode Input Voltage VICR -0.5 to -0.5 to 
Range 12 12 
Power Supply Rejection Ratio PSRR acer 

V+=17.5V 


Maximum Output Voltage 
Vo = 7.5V 
lom+ Source 12 
oS 20 


Total Supply Current Ri = 
Vo (Amplifier A) = 7.5V 
Vo (Amplifier B) = 7.5V 
Vo (Amplifier A) = OV 
Vo (Amplifier B) = OV 
Vo (Amplifier A) = OV 
Vo (Amplifier B) = 7.5V 


Input Offset Voltage AVi0/AT 
Temperature Drift 
Crosstalk a 


Schematic Diagram 
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Dual, 9MHz, Operational 
November 1996 Transconductance Amplifier (OTA) 


Features Description 


Low Initial Input Offset Voltage: 500.V (Max) (CA3280A) he CA3280 and CA3280A types consist of two variable 
Low Offset Voltage Change vs lagc: <500LV (Typ) operational amplifiers that are designed to substantially reduce 
for All Types the initial input offset voltage and the offset voltage variation 
Low Offset Voltage Drift: 5uV/°C (Max) (CA3280A) with respect to changes in programming current. This design 
Excellent Matching of the Two Amplifiers for All results in reduced “AGC thump,” an objectionable characteristic 
Characteristics of many AGC systems. Interdigitation, or crosscoupling, of 
Internal Current-Driven Linearizing Diodes Reduce the Critical portions of the circuit reduces the amplifier dependence 
External Input Current to an Offset Component upon thermal and processing variables. 
e Flexible Supply Voltage Range +2V to+15V The CA3280 has all the generic characteristics of an 
* , operational voltage amplifier except that the forward transfer 
Applications characteristics is best described by transconductance rather 
Voltage Controlled Amplifiers than voltage gain, and the output is current, not voltage. The 
Voltage Controlled Oscillators magnitude of the output current is equal to the product of 
Multipliers transconductance and the input voltage. This type of 
operational transconductance amplifier was first introduced in 
1969 (see Note 1), and it has since gained wide acceptance as 
a gateable, gain controlled building block for instrumentation 
and audio applications, such as linearization of transducer 
outputs, standardization of widely changing signals for data 
processing, multiplexing, instrumentation amplifiers operating 


Comparators from the nanopower range to high current and high speed 
Audio Preamplifier comparators. 


Demodulators 

Sample and Hold 

Instrumentation Amplifiers 

Function Generators 

Triangle Wave-to-Sine Wave Converters 


Ordering Information For additional application information on this device and on 
OTAs in general, please refer to Application Notes: AN6818, 


TEMP. AN6668, and AN6077. 
PART NUMBER | RANGE (°C)| PACKAGE 


“OTA Obsoletes Op Amp”, by C. F. Wheatley and H. A. 
ee eee oe a Wittlinger, NEC Proceedings, December 1969. 
CA3280E 16 Ld PDIP E16.3 ice 
CA3280AF3 -55 to 125 |16Ld CERDIP F16.3 
1. “OTA Obsoletes Op Amp”, by C. F. Wheatley and H. A. Wittlinger, 


NEC Proceedings, December 1969 


Pinout Functional Diagram 


CA3280 1/2 CA3280 
(PDIP, CERDIP) 
TOP VIEW 


B:...90 te Bee, 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 1 74 3 
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Absolute Maximum Ratings Thermal Information 

Supply Voltage (Between V+ and V-).............0..000- +36V Thermal Resistance (Typical, Note 3) Ba (CCIW) 8jc (CCW) 
Omereriiel PU YOUNGS, vesesactewes ee bree vasneseeneewa 5V CERDIP Package .2cccascianasass 65 16 
INGUl VOUAGE FANGS. < ceca cr ecdeesebeveteaedineenns V+ to V- POMP POCKSGG . onéavastantuawerns 100 N/A 
INGE CURE Stipe 0 ci cckctaaesecredtesauensd diawes 100unA Maximum Junction Temperature (CERDIP Package) ........ 175°C 
Amplifier Bias Current (lagc) .... 6... eee 10mA Maximum Junction Temperature (Plastic Package) ........ 150°C 
Output Short Circuit Duration (Note 3)................ Indefinite © Maximum Storage Temperature Range ......... -65°C to 150°C 
Linearizing Diode Bias Current, Ip... ss ia acs casas canes 5mA Maximum Lead Temperature (Soldering 10s)............ 300°C 
Peak Input Current with Linearizing Diode................. +Ip 


Operating Conditions 


Temperature Range 


A, cocueeis ee inue o0savessgencnenseet 0°C to 70°C 
OPE Aa scores are eceed ewer ruse reeKs -55°C to 125°C 
Supply Voltage Range (Typ)...................-- +2V to +15V 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
2. Short circuit may be applied to ground or to either supply. 
3. 8) is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications — For Equipment Design, at Ta = 25°C, Vsyuppty = +15V, Unless Otherwise Specified 


PARAMETER 
input Offset Voltage 


3 
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laBc = 1MA to 10pA, 
Ta = Full Temp. Range 


Input Offset Voltage Drift lABC = 1HA to 1mA 1 


i=) 
nn 


lABC = 100A, Ta = Full > 
Temperature Range 


Amplifier Bias Voltage lnc = 100nA 
Peak Output Voltage IABC = 500mA 
sees Gas 12.5 
14.5 13.5 


i . 


= 
2 


Input Bias Current lABC = 500nA 


laBc = SO0HA, Ta = Full 3 
Temperature Range 


Peak Output Current 410 5 


-4.1 
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= 
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Offset Current 1 


Source lomt+ 
Linearization Diodes Ip 


~S 
je) 
oO 


of 
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> 


Dynamic Impedance 


fo= toma 
<i 


SN oS nile 
B E 5 8 
foe) 
on ao) 


- 
2) 
oO 


250 400 800 


> 


Diode Network Supply Current Ld laBC = 100HA 250 


Amplifier Supply Current 
(Per Amplifier) 


2.4 mA 


lABC = 500nA 


Electrical Specifications — For Equipment Design, at Ta = 25°C, Vsyppyy = +15V, Unless Otherwise Specified (Continued) 
laBC = S00nA, Ta = Full 350 
Temperature Range 


(= | 
(eo) Ae) 
—_ 
on 


0.015 0.1 


> 


Amplifier Output Leakage Current oa , 
[Gonnon Node Rejecton Rabo | OWAR [inae= 100A | 60 


Open Loop Voltage Gain lABC = 100pA, 4 100 
Forward Transconductance lABC = SOUA, Large 
Signal 


laBC = 1MA, Small Signal poe | 


94 100 


94 105 


94 100 


Ry, =2° Vo = 20Vp_p 


= 
oO 
oO 
eo) 
ait 


50 100 


oa 


V 
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12 


op) 


oO 
on 


Input Resistance 
Channel Separation 


Open Loop Total 
Harmonic Distortion Rp = 15kQ, Vo = 20Vp_p 


I+ 
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Gu 
om _ | 
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| Fo _| 


0.4 


f = 1kHz, Iago = 1.5mA, 


° 
o 


oO —_ 


=) co ais = 
nm -— 
op) 


Slew Rate, Open Loop lABC = 1mMA 125 125 
Capacitance lABC = 100HA 4.5 
7.5 75 


fe) 
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nN 
_ 
on 


i 
own | 
inseam 


3 
Ww 


Output Resistance 


Test Circuits and Waveforms 


— GUTPLT 


OV ¥ 


FIGURE 1. LEAKAGE CURRENT TEST CIRCUIT FIGURE 2. CHANNEL SEPARATION TEST CIRCUIT 
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Test Circuits and Waveforms (continued) 


1/2 
CA3280 


9 laBc 
IDIODE 


lout 


VIN 


lABC = 650A, Ip = 200pA; Vertical = 200pA/Div.; 
Horizontal = 1V/Div. 


FIGURE 3A. EFFECTS OF DIODE LINEARIZATION, WITH DIODE PROGRAMMING TERMINAL ACTIVE 


1/2 
CA3280 


lout 


VIN 


laBc = 650pA; Ip = 0; Vertical = 200pA/Div.; 
Horizontal = 25mV/Div. 


FIGURE 3B. WITH DIODE PROGRAMMING TERMINAL CUTOFF 
FIGURE 3. CA3280 TRANSFER CHARACTERISTICS 


Application Information 


Figures 4 and 5 show the equivalent circuits for the current 
source and linearization diodes in the CA3280. The current 
through the linearization network is approximately equal to the 
programming current. There are several advantages to driving 
these diodes with a current source. First, only the offset current 
from the biasing network flows through the input resistor. Sec- 
ond, another input is provided to extend the gain control 
dynamic range. And third, the input is truly differential and can 
accept signals within the common mode range of the CA3280. 


Typical Applications 


The structure of the variable operational amplifier eliminates 
the need for matched resistor networks in differential to single 
ended converters, as shown in Figure 6. A matched resistor 
network requires ratio matching of 0.01% or trimming for 80dB 
of common-mode rejection. The CA3280, with its excellent 
common mode rejection ratio, is capable of converting a small 
(+25mV) differential input signal to a single-ended output with- 
out the need for a matched resistor network. 


Figure 7 shows the CA3280 in a typical gain control application. 
Gain control can be performed with the amplifier bias current 
(laBC)- With no diode bias current, the gain is merely g,4R,. For 
example, with an lagc of 1mA, the gay is approximately 16mS. 
With the CA3280 operating into a 5kQ resistor, the gain is 80. 


The need for external buffers can be eliminated by the use of 
low value load resistors, but the resulting increase in the 
required amplifier bias current reduces the input impedance 
of the CA3280. The linearization diode impedance also 
decreases as the diode bias current increases, which further 
loads the input. The diodes, in addition to acting as a linear- 
ization network, also operate as an additional attenuation 
system to accommodate input signals in the volt range when 
they are applied through appropriate input resistors. 


Figure 10 shows a triangle wave to sine wave converter 
using the CA3280. Two 100kQ resistors are connected 
between the differential amplifier emitters and V+ to reduce 
the current flow through the differential amplifier. This allows 
the amplifier to fully cut off during peak input signal excur- 
sions. THD is appropriately 0.37% for this circuit. 
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> Va Rp = SMALL SIGNAL DIODE 
, IMPEDANCE 


FIGURE 4. VOA SHOWING LINEARIZATION DIODES AND 
CURRENT DRIVE 


o +15V 


SINGLE- 
DIFFERENTIAL ENDED 
INPUT 2kQ OUTPUT 
10kQ 


FIGURE 6. DIFFERENTIAL TO SINGLE ENDED CONVERTER 


y +15V 10kQ 


S 2kQ D : Q 
1/2 
08) 


CA3280 >—{13) 


1800pF 


510 33pF 


2kQ S (6) 


(O} ‘ OUTPUT 
1/2 
— CA3280 [O) 
510 P i 300pF 
© 
che (8) 1000 
) asv Lb 


FIGURE 5. BLOCK DIAGRAM OF LINEARIZED VOA 


9 V+=4+15V 


OUTPUT 
21Vp_p 
14mV AGC 
FEEDTHRU 
400uV 
NOISE AT 
MAX GAIN 


V+ /2 
100kQ 
15kQ 
\- 


VOLTAGE 
CONTROL 


FIGURE 7. TYPICAL GAIN CONTROL CIRCUIT 


e -15V 


FIGURE 8. TWO CHANNEL LINEAR MULTIPLEXER 
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200Q (3) 15 - 115pF 
= 910kQ 


100kQ = 


V+ oy’ Ao Vv 3.3k0 
1N914 1N914 


10kQ 5.6kQ §002Q 


MAX FREQ. MIN FREQ. SET 2kQ 
SET 


FIGURE 9. CA3280 USED IN CONJUNCTION WITH A CA3160 TO PROVIDE A FUNCTION GENERATOR WITH A TUNABLE RANGE 


OF 2Hz TO 1MHz 
“ 
ww 


C3280 (13) 


+ 
1/2 
CA3280 


FIGURE 10. TRIANGLE WAVE-TO-SINE WAVE CONVERTER 
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+15V 


Typical Performance Curves 
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FIGURE 11. AMPLIFIER GAIN vs FREQUENCY FIGURE 12. SUPPLY CURRENT vs DIODE CURRENT 
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Typical Performance Curves (continued) 
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FIGURE 13. INPUT OFFSET CURRENT vs AMPLIFIER BIAS 
CURRENT 


Ta = 125°C 
Ta = 25°C 
Ta = -55°C 


PEAK OUTPUT VOLTAGE (V) 


AMPLIFIER BIAS CURRENT (1A) 


FIGURE 15. PEAK OUTPUT VOLTAGE vs AMPLIFIER BIAS 
CURRENT 
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TEMPERATURE (°C) 


FIGURE 17. LEAKAGE CURRENT vs TEMPERATURE 


Ta = 125°C 
Ta = 25°C 
Ta = -55°C 


INPUT OFFSET VOLTAGE (mV) 


AMPLIFIER BIAS CURRENT (A) 


FIGURE 14. INPUT OFFSET VOLTAGE vs AMPLIFIER BIAS 
CURRENT 
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DIFFERENTIAL INPUT VOLTAGE (V) 


FIGURE 16. INPUT CURRENT vs INPUT DIFFERENTIAL 
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AMPLIFIER BIAS CURRENT (1A) 


FIGURE 18. AMPLIFIER BIAS VOLTAGE vs AMPLIFIER BIAS 
CURRENT 
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Typical Performance Curves (continued) 
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FIGURE 19. 1/f NOISE vs FREQUENCY 
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FIGURE 21. DIODE RESISTANCE vs DIODE CURRENT 
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FIGURE 23. SUPPLY CURRENT vs AMPLIFIER BIAS CURRENT 
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FIGURE 20. PEAK OUTPUT CURRENT vs AMPLIFIER BIAS 
CURRENT 
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FIGURE 22. AMPLIFIER GAIN vs AMPLIFIER BIAS CURRENT 
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FIGURE 24. INPUT BIAS CURRENT vs AMPLIFIER BIAS 
CURRENT 
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Metallization Mask Layout 


Dimensions in parentheses are in millimeters and derived from 
the basic inch dimensions as indicated. Grid graduations are in 
mils (10°9 inch). 


The photographs and dimensions represent a chip when it is 
part of the wafer. When the wafer is cut into chips, the cleavage 
angles are 57° instead of 90° with respect to the face of the 
chip. Therefore, the isolated chip is actually 7 mils (0.17mm) 
larger in both dimensions. 
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| Acomplete ©Y http: — 0.5MHz, Low Supply Voltage, Low Input 
Novemiber1996. === cv Current BIMOS Operational Amplifiers 


pets Description 


e 2V Supply at 300A Supply Current The CA3420A and CA3420 are integrated circuit operational 


° 1pA Input Current (Typ) (Essentially Constant to 85°C) amplifiers that combine PMOS transistors and_ bipolar 

; ; ; transistors on a single monolithic chip. The CA3420A and 
¢ Rail-to-Rail Output Swing (Drive +2mA into 1k2 Load) ¢,3420 BiMOS operational amplifiers feature gate 
¢ Pin Compatible with 741 Operational Amplifiers protected PMOS transistors in the input circuit to provide 


very high input impedance, very low input currents (less than 


A pplications 1pA). The internal bootstrapping network features a unique 

_ guardbanding technique for reducing the doubling of leakage 
¢ pH Probe Amplifiers current for every 10°C increase in temperature. The CA3420 
© Picoammeters series operates at total supply voltages from 2V to 20V 


either single or dual supply. These operational amplifiers are 
internally phase compensated to achieve stable operation in 
e Portable Equipment the unity gain follower configuration. Additionally, they have 
¢ Inaccessible Field Equipment access terminals for a supplementary external capacitor if 
additional frequency roll-off is desired. Terminals are also 
provided for use in applications requiring input offset voltage 


Ordering Information nulling. The use of PMOS in the input stage results in 


common mode input voltage capability down to 0.45V below 
TEMP. 
PART NUMBER | RANGE (°C) PACKAGE 


the negative supply terminal, an important attribute for single 
supply application. The output stage uses a feedback OTA 
CA3420T 8 Pin Metal Can 


e Electrometer (High Z) Instruments 


¢ Battery-Dependent Equipment (Medical and Military) 


type amplifier that can swing essentially from rail-to-rail. The 
output driving current of 1.5mA (Min) is provided by using 
nonlinear current mirrors. 


Pinouts Functional Diagram 
CA3420 (PDIP) 
TOP VIEW 


OFFSET NULL | 1 | 


| 5 | OFFSET NULL 


MOS 
BIPOLAR 


CA3420 (METAL CAN) 
TOP VIEW 
BUFFER AMPS; 
TAB STROBE BOOTSTRAPPED HIGH GAIN OTA BUFFER 
o a INPUT PROTECTION (50K) (X2) 


input @ 
NON-INV. tw 
oe OFFSET NULL 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 320.3 
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Features 


¢ High Input Resistance................05- 2TQ (Typ) 
¢ Standby Power at V+ =5V............. 300nW (Typ) 


e Supply Current, BW, Slew Rate Programmable Using 
External Resistor 


© DPC CUTE 6 < chiicncdssevernawsinnens 10pA (Typ) 
e 5V to 15V Supply 
¢ Output Drives Typical Bipolar Type Loads 


Ordering Information 


PART NUMBER TEMP. 
(BRAND) RANGE (°C) 
CA3440AE -55to125 |8LdPDIP 
CA3440E -55to125 |8LdPDIP 


CA3440M -55 to 125 |8Ld SOIC M8.15 


(3440) 


Pinout 


440, CA3440A 


63kHz, Nanopower, 
BiMOS Operational Amplifiers 


Description 


The CA3440A and CA3440 (see Note) are integrated circuit 
operational amplifiers that combine the advantages of MOS 
and bipolar transistors on a single monolithic chip. 


The CA3440A and CA3440 BiMOS op amps feature gate 
protected PMOS transistors in the input circuit to provide 
very high input impedance, very low input currents (less than 
10pA). These devices operate at total supply voltage from 
5V to 15V and can be operated over the temperature range 
from -55°C to 125°C. Their virtues are programmability and 
very low standby power consumption (300nW). These 
operational amplifiers are internally phase compensated to 
achieve stable operation in the unity gain _ follower 
configuration. Terminals are also provided for use _ in 
applications requiring input offset voltage nulling. The use of 
PMOS in the input stage results in common mode input 
voltage capability down to 0.5V below the negative supply 
terminals, an important attribute for single supply 
applications. The output stage uses MOS complementary 
source follower form which permits moderate load driving 
capability (10k{2) at very low standby currents (50nA). 


The CA3440A and CA3440 have the same 8 pin terminal 
pinout as the “741” and other industry standard op amps 
with two exceptions: terminals one and five must be 
connected to the negative supply or to a potentiometer if 
nulling is required. Terminal 8 must be programmed through 
an external resistor returned to the negative supply. 


NOTE: Formerly Developmental Type No. TA10590. 


CA3440, CA3440A 
(PDIP, SOIC) 
TOP VIEW 


V-/OFFSET NULL | 1 | 


| 8 | ISeT 
V+ 
| 6 | OUTPUT 


| 5 | V-/OFFSET NULL 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper |C Handling Procedures. 
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‘Features 


¢ High Open Loop Gain at Video Frequencies 

.) Meee yer err Teer ere >40cB at f = 5MHz 
e Power Bandwidth of 10MHz..... Aci = 5; Vo = +3.5V 
e Slew Rate at Full Load............ 330V/us (Ay > 10) 


¢ ff = 220MHz; Cc = OpF With a Load of 500 II20pFIil 
1MQ (Scope Input) 


e VouT = +4.1V Into 75Q 


Offset Null Terminals 


Applications 

e Video Line Driver 

e High Frequency Unity Gain Buffer 

¢ Pulse Amplifier 

e High Speed Comparator 

¢ High Frequency Oscillator and Video Amplifiers 


Description 


The CA3450 (see Note) is a large signal video line driver 
and high speed operational amplifier capable of driving 50Q 
transmission lines and flash A/Ds. The uncompensated unity 
gain crossing occurs at 230MHz without load. It can operate 
at dual or single supplies of +7.25V or 14.5V, respectively. 
The CA3450 can be compensated with a single capacitor 
network. It has output drive capability of 75mA SINK or 
SOURCE. The CA3450 is capable of driving Flash A/Ds in 
video or high speed instrumentation (accurate) applications 
with bandwidth up to 10MHz. Offset voltage nulling terminals 
are also available. 


NOTE: Formerly Developmental Type No. TA11371A. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) PACKAGE 


CA3450E -40to85 |16Ld PDIP E16.3 


¢ Driver for A/Ds in Video Applications ..... 10MHz BW 
Pinout Block Diagram 
CA3450 
(PDIP) 


TOP VIEW 


OFFSET NULL | 1) 16] OFFSET NULL 


NC | 2) 15] NC 
INPUT | 3| 14] + INPUT 
vag ES 13] V- 
V- V- 
2 2 OUTPUT 

Vo 6 | 11] COMP 

y Fo] NC INPUT CURRENT OUTPUT POWER 

* COMPENSATED DRIVER AND 
DIFFERENTIAL OUTPUT POWER 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 


AMPLIFIER 


—S—— KH 
OFFSET PHASE \- 
NULL COMP 


File Number 


3-143 


CA3450 


| 220MHz, Video Line Driver, 
~ High Speed Operational Amplifier 


1732.3 


OPERATIONAL 
AMPLIFIERS 


November 1996 


- Features 


MOSFET Input Stage 

- Very High Z)............ 1.5TQ (1.5 x 10120) (Typ) 

- Very Lowl,........... 5pA (Typ) at 15V Operation 
2pA (Typ) at 5V Operation 


Ideal for Single Supply Applications 

Common Mode Input Voltage Range Includes 
Negative Supply Rail; Input Terminals Can Be 

Swung 0.5V Below Negative Supply Rail 

CMOS Output Stage Permits Signal Swing to Either (or 
Both) Supply Rails 

CA5130A, CA5130 Have Full Military Temperature Range 
Guaranteed Specifications for V+ = 5V 

CA5130A, CA5130 Are Guaranteed to Operate Down to 
V+ = 4.5V for Ao. 

CA5130A, CA5130 Are Guaranteed to Operate at +7.5V 
CA3130A, CA3130 Specifications 


Applications 


Ground Referenced Single Supply Amplifiers 
Fast Sample-Hold Amplifiers 
Long Duration Timers/Monostables 


High Input Impedance Comparators (Ideal Interface 
with Digital CMOS) 


High Input Impedance Wideband Amplifiers 


Voltage Followers (e.g., Follower for Single-Supply 
D/A Converter) 


Voltage Regulators (Permits Control of Output Voltage 
Down to OV) 


Peak Detectors 

Single Supply Full Wave Precision Rectifiers 
Photo Diode Sensor Amplifiers 

5V Logic Systems 

Microprocessor Interface 


130, CA5130A 


re: ni “45MHz, BiMOS Microprocessor Operational 
~~ Amplifiers with MOSFET Input/CMOS Output 


Description 


CA5130A and CA5130 are integrated circuit operational 
amplifiers that combine the advantage of both CMOS and 
bipolar transistors on a monolithic chip. They are designed 
and guaranteed to operate in microprocessors or logic 
systems that use +5V supplies. 


Gate protected P-Channel MOSFET (PMOS) transistors are 
used in the input circuit to provide very high input 
impedance, very low input current, and exceptional speed 
performance. The use of PMOS field effect transistors in the 
input stage results in common mode input voltage capability 
down to 0.5V below the negative supply terminal, an 
important attribute in single supply applications. 


A complementary symmetry MOS (CMOS) transistor-pair, 
capable of swinging the output voltage to within 10mV of 
either supply voltage terminal (at very high values of load 
impedance), is employed as the output circuit. 


The CA5130 Series circuits operate at supply voltages ranging 
from 4V to 16V, or +2V to +8V when using split supplies. They 
can be phase compensated with a single external capacitor, 
and have terminals for adjustment of offset voltage for 
applications requiring offset null capability. Terminal provisions 
are also made to permit strobing of the output stage. 


The CA5130A, CA5130 have guaranteed specifications for 
5V operation over the full military temperature range of 
-55°C to 125°C. 


Ordering Information 


PART NUMBER TEMP. 
(BRAND) RANGE (°C)| PACKAGE 


CA5130AE -55 to 125 


CA5130AM -55 to 125 
(5130A) 


CA5130M 
(5130) 


CA5130T -55 to 125 | 8 Pin Metal Can 


-55 to 125 |8Ld SOIC M8.15 


Pinouts 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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CA5130 (PDIP, SOIC) 
TOP VIEW 


OFFSET NULL | 1 | | 8 | STROBE 
INV. INPUT >\> V+ 
NON-INV. INPUT | 3 | | 6 | OUTPUT 


| 5 | OFFSET NULL 


v- [4 


CA5130 (METAL CAN) 
TOP VIEW 


PHASE TAB 
COMPENSATION 
‘a0! a STROBE 


OFFSET a ll 
INV. INPUT > jel 
NON-INV. INPUT (3) ® (5) OFFSET NULL 


V- AND CASE 


File Number 
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1923.3 


SEMICONDU ETO R., ; 


5160, CA5160A 


4MHz, BiMOS Microprocessor Operational 
Amplifiers with MOSFET Input/CMOS Output 


Ht 


November 1996 


Features 


e MOSFET Input Stage 
- Very High Z); 1.5T (1.5 x 10'7Q) (Typ) 
- Very Low ||; 5pA (Typ) at 15V Operation 
2pA (Typ) at 5V Operation 


¢ Common-Mode Input Voltage Range Includes 
Negative Supply Rail; Input Terminals Can be 
Swung 0.5V Below Negative Supply Rail 


¢ CMOS Output Stage Permits Signal Swing to Either 
(or Both) Supply Rails 


e CA5160A, CA5160 Have Full Military Temperature 
Range Guaranteed Specifications for V+ = 5V 


e CA5160A, CA5160 Are Guaranteed to Operate Down 
to 4.5V for Ao. 


capable of swinging the output voltage to within 10mV of mal 
¢ CA5160A, CA5160 Are Guaranteed Up to +7.5V either supply voltage terminal (at very high values of load <2 
: : impedance), is employed as the output circuit. O Ww 
Applications : . fc 
7 The CA5160 Series circuits operate at supply voltages rang- qa 
* Ground Referenced Single Supply Amplifiers ing from +5V to +16V, or +2.5V to +8V when using split sup- ~ = 
¢ Fast Sample-Hold Amplifiers plies, and have terminals for adjustment of offset voltage for o < 


¢ Long Duration Timers/Monostables 
Ideal Interface With Digital CMOS 
High Input Impedance Wideband Amplifiers 


e Voltage Followers (e.g., Follower for Single Supply 
D/A Converter) 


¢ Wien-Bridge Oscillators 
¢ Voltage Controlled Oscillators 
e Photo Diode Sensor Amplifiers 


5V Logic Systems 


¢ Microprocessor Interface 


Description 


CA5160A and CA5160 are integrated circuit operational 
amplifiers that combine the advantage of both CMOS and 
bipolar transistors on a monolithic chip. The CA5160 series 
circuits are frequency compensated versions of the popular 
CA5130 series. They are designed and guaranteed to operate 
in microprocessor or logic systems that use +5V supplies. 


Gate-protected P-Channel MOSFET (PMOS) transistors are 
used in the input circuit to provide very high input impedance, 
very low input current, and exceptional speed performance. 
The use of PMOS field effect transistors in the input stage 
results in common-mode input voltage capability down to 0.5V 
below the negative supply terminal, an important attribute in 
single supply applications. 


A complementary symmetry MOS (CMOS) transistor pair, 


applications requiring offset-null capability. Terminal provi- 
sions are also made to permit strobing of the output stage. 
They have guaranteed specifications for 5V operation over the 
full military temperature range of -55°C to 125°C. 


Ordering Information 


(BRAND) RANGE (°C)| PACKAGE 


Pinouts 
CA5160 (METAL CAN) CA5160A, CA5160 (PDIP, SOIC) 
TOP VIEW TOP VIEW 
SUPPLEMENTARY TAB 
COMPENSATION” gas 
\ OFFSET NULL | 1 | | 8 | STROBE 
OFFSET NULL 
INV. INPUT 2] V4 
INV. INPUT OUTPUT 
NON INV. INPUT | 3 | | 6 | OUTPUT 
NON INV. INPUT OFFSET NULL v- | 4 | 5 | OFFSET NULL 
V- AND CASE 


NOTE: CA5160 Series devices have an on-chip frequency compensation network. Supplementary phase-compensation or frequency roll-off (if desired) can be 
connected externally between terminals 1 and 8. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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1924.3 


File Number 


FARRIS 


SEMICONDUCTOR 


ao 


November 1996 


CA5260, CA5260A 


3MHz, BiMOS Microprocessor Operational 
Amplifiers with MOSFET Input/CMOS Output 


Features 


¢ MOSFET Input Stage provides 
- Very High Z; = 1.5TQ (1.5 x 10'2Q) (Typ) 
- Very Low], = 5pA (Typ) at 15V Operation 
= 2pA (Typ) at 5V Operation 
Ideal for Single Supply Applications 
Common Mode Input Voltage Range Includes 


Negative Supply Rail; Input Terminals Can be 

Swung 0.5V Below Negative Supply Rail 

CMOS Output Stage Permits Signal Swing to Either 
(or Both) Supply Rails 

CA5260A, CA5260 Have Full Military Temperature 
Range Guaranteed Specifications for V+ = 5V 
CA5260A, CA5260 are Guaranteed to Operate Down to 
4.5V for Ao. 


Fully Guaranteed to Operate from -55°C to 125°C at 
V+ = 5V, V- = GND 


Applications 


Ground Referenced Single Supply Amplifiers 
Fast Sample-Hold Amplifiers 

Long Duration Timers/Monostables 

Ideal Interface with Digital CMOS 

High Input Impedance Wideband Amplifiers 


Voltage Followers (e.g., Follower for Single Supply 
D/A Converter) 


Voltage Regulators (Permits Control of Output Voltage 
Down to OV) 


Wien Bridge Oscillators 
Voltage Controlled Oscillators 
Photo Diode Sensor Amplifiers 
5V Logic Systems 
Microprocessor Interface 


’ 


Pinout 


CA5260AM96 -55 to 125 |8Ld SOIC Tape M8.15 
~ 1 (5260A) and Reel 


Description 


The CA5260A and CA5260 are integrated-circuit operational 
amplifiers that combine the advantage of both CMOS and 
bipolar transistors on a monolithic chip. The CA5260 series 
circuits are dual versions of the popular CA5160 series. They 
are designed and guaranteed to operate in microprocessor or 
logic systems that use +5V supplies. 

Gate-protected P-Channel MOSFET (PMOS) transistors are 
used in the input circuit to provide very-high-input impedance, 
very-low-input current, and exceptional speed performance. 
The use of PMOS field-effect transistors in the input stage 
results in common-mode input-voltage capability down to 0.5V 
below the negative-supply terminal, an important attribute in 
single-supply applications. 

A complementary-symmetry MOS (CMOS) transistor-pair, 
capable of swinging the output voltage to within 10mvV of either 
supply-voltage terminal (at very high values of load imped- 
ance), is employed as the output circuit. 


The CA5260 Series circuits operate at supply voltages ranging 
from 4.5V to 16V, or +2.25V to +8V when using split supplies. 


The CA5260, CA5260A have guaranteed specifications for 5V 
operation over the full military temperature range of -55°C to 
125°C. 


Ordering Information 


PART NUMBER TEMP. 
(BRAND) RANGE (°C) 
CA5260AE -55 to 125 |8LdPDIP 


CA5260AM 55 to 125 |8Ld SOIC M8.15 
(5260A) 


CA5260E 55to125 |8LdPDIP 


CA5260M -55to125 |8LdSOIC . M8.15 
(5260) 

CA5260M96 -55 to 125 |8Ld SOIC Tape M8.15 
(5260) and Reel 


CA5260 (PDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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1929.3 


File Number 


CA5260, CA5260A 


Absolute Maximum Ratings Thermal Information 
Supply Voltage (Between V+ and V- Terminals)............. 16V Thermal Resistance (Typical, Note 2) Oya (°C/W) 
Cifeternial 1G0t VOUAGE. vo sis-nocce os ke vise wseensves enews ss 8V PDIP Package ..........00. cece eee eeeeae 96 
IDGUL VOUSGG 0 occernd sk yen eee area ase (V+ +8V) to (V- -0.5V) SOIC Package........ 000. cece eee cece ees 157 
Input Current........... eee eee eee eee ence ees 1mA — Maximum Junction Temperature (Die)................00. 175°C 
Output Short Circuit Duration (Note 1) [KOK RAAT HREM S BOS Indefinite Maximum Junction Temperature (Plastic Package) Se. nee s 150°C 
: - Maximum Storage Temperature Range ......... -65°C to 150°C 
Operating Conditions Maximum Lead Temperature (Soldering 10s)............ 300°C 
Temperature Range ...............000e seen. -55°C to 125°C (SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Short circuit may be applied to ground or to either supply. 
2. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications — Typical Values Intended Only for Design Guidance, V+ = 5V, V- = OV, Ta = 25°C, 
Unless Otherwise Specified 


TYPICAL VALUES 
PARAMETER SYMBOL TEST CONDITIONS CA5260 CA5260A UNITS 


Transient Response Cy = 25pF, Ry = 2kQ 
Rise Time (Voltage Follower) us 


Overshoot 


Settling Time (To <0.1%, Vin, = 4Vp_p) ts Cy = 25pF, AL = 2kQ 1.8 1.8 us 
(Voltage Follower) 


Electrical Specifications = T, = 25°C, V+ = 5V, V- = OV 


PARAMETER SYMBOL CONDITIONS | MIN | TYP | MAX | MIN | TYP | MAX | UNITS 


ee 
Input Offset Current Vo = 2.5V | <—Z i | 1 
== 


Vo = 2.5V 2 


=z 
== 
Vom = 0 to 1V | 70 | 85 | 8 
Vom = 0 to 2.5V | 50 | 55 | 5 
p25 | 3 


70 
50 
2.9 3 
70 
4.4 
3 


oO 
o 


Input Current 


Common Mode Rejection Ratio | CMRR 


<— 


Common Mode Input Voltage 
Range 


VicRt+ 
VicR- 
PSRR 


= 
Rie 


111 


AV+ = 1V: AV- = 1V 


a 
| 70 
Ri = ©, Vo = 0.5 to 4V 
1.75 


Power Supply Rejection Ratio 


Large Signal Voltage Gain 107 


(Note 3) 


Ry = 10kQ, 
Vo = 0.5 to 3.6V 


Vo = OV 
Az 
Pa 


1.79 


50 

2.5 

75 

83 
| 4.99 | 
— 
Cs.) 
<2 


2. 
Zz 
5 


Source Current 
Sink Current 
Output Voltage 


ISOURCE 
ISINK 
Vomt+ 


pA 
pA 
V 
V 
mA 
mA 


Ls 
5) 
84 
2 
7 


= 
5 
<2 
— 
=a 
ae 
= 
— 
= 
=< 
Poor | 
a 


Vomt+ Ry = 10kQ 4. 
Vom- 
Vomt 


Vom" 


| 44 | 

Ld 
Ry = 2kQ Loe | 3.4 
La 


ee 
a 
<a 
oe 
— 
_s 
<= 
<= 
a 
= 


10 

15 

0.01 
=<" 


: 
2 
85 
oD 
3 
34 
2.2 
2 
=i 
= 
= 
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OPERATIONAL 


AMPLIFIERS 


CA5260, CA5260A 


Electrical Specifications = T, = 25°C, V+ = 5V, V- = 0V_ (Continued) 


PARAMETER SYMBOL CONDITIONS | MIN | TYP | MAX | MIN | TYP | MAX | UNITS 


Wo=eev | 160 [2a f - | 180 | 225] ma 
NOTE: 


3. For V+ = 4.5V and V- = GND; Voyr = 0.5V to 3.2V at Ry = 10kQ. 


Electrical Specifications — T, = -55°C to 125°C, V+ = 5V, V- = OV 


TEST CA5260 CA5260A 
PARAMETER SYMBOL CONDITIONS 


Trpaorsetvotege | vo [vorev [| 3 |» 

Nome | 
<a 
= 


Input Current Vo = 2.5V 


Common Mode Rejection Ratio CMRR_ | Vom=0to1V 
Vom=0t025V J 50 | 
Common Mode Input Voltage Vicrt tt | as | 
Range 
9 ee en ce 
Power Supply Rejection Ratio PSRR AV+ = 1V; 
AV-=1V 
Large Signal Voltage Gain Ry =, 
Vo = 0.5 to 4V 


YP 

3 

1 

e 

8 

3 

-0.5 
5 
8 
5 
6 
4 
6) 
4 
Yj 


a 
= 
a 
<i 
= 
— 
— 
— 
— 
<= 


oO 
nn 


(Note 4) 
Ry = 10kQ, 
Vo = 0.5 to 3.6V 


Output Voltage Vomt Ry =°° 
VOM" 


YP 
2 2 
7 
— 65 78 
50 Lis 50 
2.5 | | . 3 
oe 
ht 62 65 
70 = 70 78 
—["[* 
1.3 po | 1.3 1.6 
1.2 =a 1.2 1.4 
= . Ls : 
a 
Vom — 
Vomt+ | RL =2ka rw 25 27 
Vow = 
Vo=ov eT -is1.68 
ae 


NOTE: 


4. For V+ = 4.5V and V- = GND; Voyrt = 0.5V to 3.2V at Ry = 10kQ. 


0 
0 
5 
01 
01 
= 


1.65 
1.95 


ISUPPLY 


. . nm 
on 


Electrical Specifications Each Amplifier at Ta = 25°C, V+ = 15V, V- = OV, Unless Otherwise Specified 


SYMBOL CONDITIONS 


Cn [ve [wax [an [ve 
vs=e7s | - [os | | [os |» | ma 

oe =< 
a =< 


PARAMETER 
Input Offset Voltage 
Input Offset Current 
Input Current 


Large Signal Voltage Gain 


Common Mode Rejection Ratio CMRR 
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CA5260, CA5260A 


Electrical Specifications Each Amplifier at Ta = 25°C, V+ = 15V, V- = OV, Unless Otherwise Specified (Continued) 


TEST ate CA5260A 
PARAMETER SYMBOL | CONDITIONS | TYP | MAX | MIN | TYP | MAX | 
Common Mode Input Voltage VICR -0.5 to 10 -0.5 to 
Range 12 
Power Supply Rejection Ratio, PSRR lVs= =+75 
AVio/ AVt 


Maximum Output Voltage Ry = 10kQ 


art = 
ine) ine) 


—s 
Ned 
wo 


14.99 


Maximum Output Current 


‘  lomt Vo = 7.5V 12 22 
eo 


| 133 

[9.002 | 

sz 

po | 

| 20 | 

© (Amp A) = 7.5V mee 16.5 

—— 7.5V 
“ wn = ov 
a ne =7.5V 

pf 120 


Total Supply Current, Ry = °° 


o "he Lh ; 


- 
Input Offset Voltage | AViO/AT = se 
Temperature Drift fe) = 
— 
Crosstalk 20 ES 
Ce ee [2 < 
: : Ww = 
Schematic Diagram a 


AMPLIFIER A : ' AMPLIFIER B 
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MHARRIS CA5420, CA5420A 


0.5MHz, Low Supply Voltage, Low Input Current 
November 1996 BiMOS Operational Amplifiers 


Features Description 


¢ CA5420A, CA5420 at 5V Supply Voltage with Full The CA5420A and CA5420 (see Note) are integrated circuit 
Military Temperature Range Guaranteed operational amplifiers that combine PMOS transistors and 
Specifications bipolar transistors on a single monolithic chip. They are 
CA5420A, CA5420 Guaranteed to Operate from +1V designed and guaranteed to operate in microprocessor logic 
to +10V Supplies systems that use V+ = 5V, V- = GND, since they can operate 


down to +1V supplies. They will also be suitable for 3.3V logic 
2V Supply at 300A Supply Current PP y g 


systems. . 
; o 
1pA (Typ) Input Current (Essentially Constant to 85°C) The CA5420A and CA5420 BiMOS operational amplifiers fea- 


Rail-to-Rail Output Swing (Drive +2mA Into 1kQ2 Load) ture gate-protected PMOS transistors in the input circuit to 
Pin Compatible with 741 Op Amp provide very high input impedance, very low input currents 

. . (less than 1pA). The internal bootstrapping network features a 
Applications unique guardbanding technique for reducing the doubling of 
pH Probe Amplifiers leakage current for every 10°C increase in temperature. The 
CA5420 series operates at total supply voltages from 2V to 
20V either single or dual supply. These operational amplifiers 
Electrometer (High 2) Instruments are internally phase compensated to achieve stable operation 
Portable Equipment in the unity gain follower configuration. Additionally, they have 
inaccessible Field Equipment access terminals for a supplementary external capacitor if 
additional frequency roll-off is desired. Terminals are also pro- 
vided for use in applications requiring input offset voltage null- 
5V Logic Systems ing. The use of PMOS in the input stage results in common- 
Microprocessor Interface mode input voltage capability down to 0.45V below the nega- 


. ‘ tive supply terminal, an important attribute for single supply 
Or dering Information application. The output stage uses a feedback OTA type 


PART NUMBER TEMP amplifier that can swing essentially from rail-to-rail. The output 
(BRAND) RANGE (°C) | ee |e driving current of 1.0mA (Min) is provided by using nonlinear 


Picoammeters 


Battery Dependent Equipment (Medical and Military) 


urrent mirrors. 
CA5420AM 5510125 |8Ld SOIC Mais | © a 
(5420A) These devices have guaranteed specifications for 5V 


CA5420AT 55 to 125. |8 Pin Metal Can operation over the full military temperature range of -55°C to 
fo) 
CA5420E 55 to 125 |8Ld PDIP hie 


CA5420M 55 to 125 |I8LdSOIC i The CA5420 series has the same 8 lead pinout used for the 
(5420) industry standard 741. 


8 Pin Metal Can NOTE: Formerly Development Type No. TA10841. 


Pinouts . Functional Diagram 


CA5420 (PDIP, SOIC) CA5420 (METAL CAN) CA5420 
TOP VIEW TOP VIEW 


TAB STROBE 
x 


|8|STROBE OFFSET 
NULL (1) 


> Dini BUFFER AMPS; 
NOTE: Pin is connected to Case. BOOTSTRAPPED HIGH GAIN OTA BUFFER 


INPUT PROTECTION (50K) (X2) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 925.3 
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CA5420, CA5420A 


Absolute Maximum Ratings 


Supply Voltage (Between V+ and V- Terminals)............. 22V 
Differential Input Voltage... ....... 0... eee 15V 
A VONGOGs io oe tuca dees bolas ens esas (V+ + 8V) to (V- -0.5V) 
ES) er eee core ee ee ee ere 1mA 
Output Short Circuit Duration (Note 1)................ Indefinite 


Operating Conditions 


Temperature Range ...............0..0 0005 -55°C to 125°C 


Thermal Information 


Thermal Resistance (Typical, Note 2) Byn (°C/W) 8yc (CCW) 


POW POONAGG cas cterwese rsd mnws 96 N/A 

SOIC PACKAGG sc kis eeeeannee ses 157 N/A 

Metal Can Package............... 165 80 
Maximum Junction Temperature (Metal Can) .............. 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range (All Types)... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. Short circuit may be applied to ground or to either supply. 


2. Oja is Measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Typical Values Intended Only for Design Guidance. V+ = +5V; V- = GND, Ta = 25°C 


ovputResarce «Ro 


Equivalent Input 
Noise Voltage 


C 
en 
Short-Circuit Current Source 
Gain Bandwidth Product 
Ig+ 

1 


Transient Response 
[CarenttonemnaleTove | 
Carentton Torna Tove | le 


Settling Time 0.01% 
PARAMETER SYMBOL 


Input Offset Voltage Vio 


TEST 


Input Current 


[resi conomons | cxsizo 
ee 
ee 
ee 


f = 10kHz /NHz 


CONDITIONS 


Vo = 2.5V 


Vo = 2.5V 


Input Offset Current | lio | Vo = 2.5V 


Common Mode Input Voltage 
Range 


Power Supply Rejection Ratio 


Common Mode Rejection Ratio CMRR_ {| Vcy = 0 to 3.7V, Vo = 2.5V 


rene [aeerearew 7 | 
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OPERATIONAL 


AMPLIFIERS 


CA5420, CA5420A 


Electrical Specifications —T, = 25°C, V+ = 5V, V- = 0, Unless Otherwise Specified (Continued) 
TEST 
CONDITIONS 


CA5420 CA5420A 
PARAMETER SYMBOL 
aie! 


MAX | 
Large Signal Voltage Gain 
= 85 87 # 
Asoo | a | [| 
so {es | 
= 
a 


Vo = 0.5 to 4V 


AOL 
Vo = 0.5 to 4V 
Vo = 0.7 to 3V Ry = 2kQ 


13 
| 
Yous | Fc= vas [aoe] | ae [aoe 
cs ME es oo ee 
=o partes [ape l- Lv 
co oo 

eee ras fas[ [os feo] 
Fe prep 
Supply Current ISUPPLY pe 
Noreey 


test | CA5420 | ———CASA20A— 
PARAMETER SYMBOL | CONDITIONS TYP | MAX | 
Input Offset Voltage Vio Vo = 2.5V 3 


Input Offset Current | lio | Vo = 2.5V 5 
Up to Ta = 85°C rho 

Input Current FIL 

Common Mode Rejection Ratio CMRR | Vcm =0to3.7V, 65 
Vo = 2.5V 

Common Mode Input Voltage Vo = 2.5V 3.7 

irae 

Power Supply Rejection Ratio PSRR_ | AV+= 1V; 65 
AV-=1V 


Large Signal Voltage Gain AOL 
= 75 
1 


Output Voltage 


oO 
> 
un 
Ss 
nN 
(=) 
> 


_— 
ine) 


10 


25 


~N 


3.7 


7 - 
—_ 


ri 
0 


1M a 
ota oS 
ou 


N 
oO 
oO 
Ww 


8 
8 


on 


Vo = 0.7 to 4V 


Vo = 0.5 to 4V 
Ry = 2kQ 


Output Voltage 


Ri = 10kQ 
Ry = 2kQ 
Vo = 2.5V 


4.7 
3 
0.14 


4 
4 


Ww 
oO 


oO7s call sa 
oO nl} © o};—|n on ¢ 


© 
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CA5420, CA5420A 


Electrical Specifications For Equipment Design at Vsyppyy = +1V, Ta = 25°C, Unless Otherwise Specified 


CA5420 CA5420A 
SYMBOL 
Vio 
AOL 


To Ce 


100 


mV 

kV/V 
100 | dB 
| 

V 

V 

pA 

mW 


TEST 
CONDITIONS 


UNITS 


PARAMETER 
Input Offset Voltage 
Input Offset Current 


Input Current 


Large Signal Voltage Gain Ry = 10kQ 


Pp 
Common Mode Rejection Ratio 560 
65 
2 
0 


= 
ce 
os 
ae 

a 


Oo 
ou 


Common Mode Input Voltage 
Range 


-1.3 -1.3 


6 
0 
1 


1000 3 


20 
0.2 

| 

| 0.9 | 0.95 

= 

Ls 

= 


Power Supply Rejection Ratio 


Maximum Output Voltage Ri = 
Supply Current 
a 


5 
-0.91 
35 


0.91 


35 


oO 
“J 


MN 
ae 
ae | 
a | 
coe Le! 
aE 

| | 6 =m 
Lae | — 
| =} tbo 
| 0 | a 
| 0.88 | ae 
me E. | 80 _ | 
ee E: 
ae. —s 


10 
4 ( ) 
5 ( ) 
= 
=< 
a 
<a 
= 


i=) 
N 


Input Offset Voltage Temp. Drift | uV/PC 
Electrical Specifications For Equipment Design at Vsyppy = +10V, Ta = 25°C, Unless Otherwise Specified 
es ee CA5420A 

PARAMETER SYMBOL | CONDITIONS | TYP | MAX | TYP UNITS 


[rpworeervorsgs | Vo se 
[rest Oreat Curent | ich 
Large Signal Voltage Gain Ry = 10kQ 


Vio 
CMRR 
Common Mode Input Voltage 

VicR" 


Power Supply Rejection Ratio PSRR 


Maximum Output Voltage Ri =0° 
Supply Current ISUPPLY 
Device Dissipation | Pe | 


Input Offset Voltage AVIO/AT 
Temperature Drift 
NOTE: 


3. The maximum limit represents the levels obtainable on high-speed automatic test equipment. Typical values are obtained under 
laboratory conditions. 


Oe 
00 < 
ee 
8. 
0 
70 
9. 


Common Mode Rejection Ratio 
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Le eee 
ie 
ed 
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OPERATIONAL 
AMPLIFIERS 


CA5420, CA5420A 


Typical Applications 


Picoammeter Circuit 


The exceptionally low input current (typically 0.2pA) makes 
the CA5420 highly suited for use in a picoammeter circuit. 
With only a single 10GQ resistor, this circuit covers the range 
from +1.5pA. Higher current ranges are possible with suitable 
switching techniques and current scaling resistors. input tran- 
sient protection is provided by the 1MQ resistor in series with 
the input. Higher current ranges require that this resistor be 
reduced. The 10MQ resistor connected to pin 2 of the 
CA5420 decouples the potentially high input capacitance 
often associated with lower current circuits and reduces the 
tendency for the circuit to oscillate under these conditions. 


10GQ 


FIGURE 1. PICOAMMETER CIRCUIT 


Typical Performance Curves 


1.0 


Ta = 25°C 
0.87 Ry = 100kQ 


INPUT & OUTPUT VOLTAGE EXCURSIONS FROM THE 
POSITIVE AND NEGATIVE SUPPLY VOLTAGE (V) 
° 


SUPPLY VOLTAGE (V) 


FIGURE 3. OUTPUT VOLTAGE SWING AND COMMON MODE 
INPUT VOLTAGE RANGE vs SUPPLY VOLTAGE 


High Input Resistance Voltmeter 


Advantage is taken of the high input impedance of the CA5420 
in a high input resistance DC voltmeter. Only two 1.5V “AA” 
type penlite batteries power this exceedingly high-input resis- 
tance (>1,000,000M2) DC voltmeter. Full-scale deflection is 
+500mV, +150mV, and +15mV. Higher voltage ranges are eas- 
ily added with external input voltage attenuator networks. 


The meter is placed in series with the gain network, thus 
eliminating the meter temperature coefficient error term. 


Supply current in the standby position with the meter unde- 
flected is 300u/A. At full-scale deflection this current rises to 
800A. Carbon-zinc battery life should be in excess of 1,000 
hours. 


FIGURE 2. HIGH INPUT RESISTANCE VOLTMETER 
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FIGURE 4. OUTPUT VOLTAGE vs LOAD SOURCING CURRENT 
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Typical Performance Curves (continued) 
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FIGURE 5. OUTPUT VOLTAGE vs LOAD SINKING CURRENT 
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FIGURE 7. OUTPUT VOLTAGE SWING vs LOAD RESISTANCE 
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FIGURE 9. INPUT NOISE VOLTAGE vs FREQUENCY 
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FIGURE 6. SUPPLY CURRENT vs OUTPUT VOLTAGE 
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FIGURE 8. INPUT BIAS CURRENT DRIFT (Alp/AT) 
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FIGURE 10. OPEN LOOP GAIN AND PHASE SHIFT RESPONSE 
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SEMICONDUCTOR 


Features 


¢ High Speed CMOS Input Stage Provides 
- Very High Z, 5TQ (5 x 1012) (Typ) 
- Very Low |, 0.5pA (Typ) at 5V Operation 
- Very Low lio 0.5pA (Typ) at 5V Operation 
ESD Protection to 2000V 
3V to 16V Power Supply Operation 


Fully Guaranteed Specifications Over Full Military 
Range 


Wide BW (14MHz); High SR (5V/us) at 5V Supply 
Wide Vicr Range From -0.5V to 3.7V (Typ) at 5V Supply 
ideally Suited for CMOS and HCMOS Applications 


Applications 


Bar Code Readers 
Photodiode Amplifiers (IR) 
Microprocessor Buffering 
Ground Reference Single Supply Amplifiers 
Fast Sample and Hold 

Timers 

Voltage Controlled Oscillators 
Voltage Followers 

V to | Converters 

Peak Detectors 

Precision Rectifiers 

5V Logic Systems 

3V Logic Systems 


Pinout 


CA5470 


Quad, 14MHz, Microprocessor BiMOS-E 


Operational Amplifier with MOSFET Input/Bipolar Output 


Description 


The CA5470 is an operational amplifier that combines the 
advantages of both high speed CMOS and bipolar transistors 
on a single monolithic chip. It is constructed in the BIMOS-E 
process which adds drain-extension implants to 3m polygate 
CMOS, enhancing both the voltage capability and providing 
vertical bipolar transistors for broadband analog/digital func- 
tions. This process lends itself easily to high speed operational 
amplifiers, comparators, analog switches and interface periph- 
erals, resulting in twice the speed of the conventional CMOS 
transistors having similar feature size. 


BiMOS-E are broadbased bipolar transistors that have high 
transconductance, gains more constant with current level, sta- 
ble “precision” base-emitter offset voltages and superior drive 
capability. Excellent interface with environmental potentials 
enable use in 5V logic systems and future 3.3V logic systems. 
Refer to Application Note AN8811. 


ESD capability exceeds the standard 2000V level. The 
CA5470 series can operate with single supply voltages from 
3V to 16V or +1.5V to +8V. They have guaranteed specifica- 
tions at both 5V and +7.5V at room temperature as well as 
over the full -55°C to 125°C military range. 


Ordering Information 


PART NUMBER TEMP. 
(BRAND) RANGE (°C) 


CA5470M -55to 125 |14Ld SOIC M14.15 
(5470) 

CA5470M96 -55to125 |14Ld SOIC Tape |M14.15 
(5470) and Reel 


CA5470 (PDIP, SOIC) 
TOP VIEW 


POS. INPUT 2 =|eu 
NEG. INPUT 2 yy 


OUTPUT 2 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 


10] POS. INPUT 3 


vit NEG. INPUT 3 
18 | OUTPUT 3 


File Number 
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1946.3 


CA5470 


Absolute Maximum Ratings Thermal Information 
DC Supply Voltage (Between V+ And V- Terminals) ......... 16V Thermal Resistance (Typical, Note 1) By (°C/W) 
DIS rGrGal GUE VONAGS: .6 ci ce nnee bene edd eda wane eens ne 8V PDIP Package «oc a ccvnnsaebacuseevdaacens 80 
MiDUt VOUAGO. cc vine dca see vennane eee es (V+ +8V) to (V- -0.5V) SOIC Package... ...... 2. ccc cece eee eee eee 175 
Input Current. .......... eee eee eee eee es 1mA — Maximum Junction Temperature (Die).............0.05005 175°C 
Output Short Circuit Duration (Note 1)................ Indefinite — (Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Operating Conditions Maximum Lead Temperature (Soldering 10s)............. 300°C 


Temperature Range ..................0e eee ee -55°C to 125°C (SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. Short circuit may be applied to ground or to either supply. 
2. 6ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Typical Values Intended Only for Design Guidance at V+ = 5V, V- = OV, Ta = 25°C, Unless Otherwise Specified 


PARAMETER SYMBOL TEST CONDITIONS TYPICAL VALUES UNITS 
Input Resistance | TR 
Input Capacitance — 


ae 
ae 
Lt 
a 
mae Cy = 25pF, Ry = 2kQ 
(Voltage Follower) 
Vota Follower) 
ae 


Full Power BW, SR = 5V/us FPBW = 1, Vout = 3.65Vp.p 


Electrical Specifications T, = 25°C, V+ = 5V, V- = GND 


a 
es 
Output Current 
Source to opposite supply =| 
Sink to opposite supply 
Open Loop Gain 


NOTE: 
3. This is the lowest value that can be tested reliably. Almost all devices will be <10pA. 


Unity Gain Crossover Frequency 
Slew Rate 


Transient Response: 


Rise Time/Fall Time 


= 
< 


a 
a 


co) 
on 
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i) 
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uo) 
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= 
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CA5470 


Electrical Specifications —T, = -55°C to 125°C, V+ = 5V, V- = GND 


[__PARAWETER [| SYMBOL [ TESTCONDTIONS [WN [TYP | MAX [UNITS | 
Input Current ee 11000 
Common Mode input Range | Vicn SP 3 

Common Mode Rejection Ratio 
Power Supply Rejection Ratio 
Positive Output Voltage Swing 
Negative Output Voltage Swing 
Total Supply Current 


== 
| ee 
Li el 
Les 
ae 


5 

50 

58 

3.8 

0.08 

Slew Rate 3 V/us 
8 
2 
2 


op) . . 
cee) 


ee 
L 


Output Current 


Source to opposite supply 


Sink to opposite supply 
0.5V to 3.5V, Ry, = 10kQ 


Electrical Specifications Ty, = 25°C, Vsyppiy = +7.5V 


Frpuroreercuret 
A 
Power Supply Rejection Ratio AV=1V 


V 
Positive Output Voltage Swing Vomt 
R, = 2k to GND 
Ri. = 10kQ to GND 
VOM" 
Ry = 2kQ to GND 
Ry. = 10kQ to GND 


Unity Gain Bandwidth Product 


Output Current 
ISOURCE 


Open Loop Gain -5V to +5V, Ry = 10kQ2 
NOTE: 


4. This is the lowest value that can be tested reliably. Almost all devices will be <10pA. 


Open Loop Gain 


UNITS 


mV 
pA 
pA 
V 
V 
V 
mA 
MHz 
mA 
mA 
mV 
pA 


25 
0.11 
11 
50 (Note 4) 
50 (Note 4) p 


> 


5 


fo) 
BN 


Negative Output Voltage Swing 


<2 
“7.1 
12 


Total Supply Current 
1 M 


V/us 


6 


aa 
Ls 
a 
at 
ee 
a 
= 
Source to opposite supply a 


V 
V 
V 
V 
V 
mA 
Hz 
mA 
mA 


Sink to opposite supply 1 


550 
550 
75 
4.2 
12 
5 
5.5 
<a 
ae 
= 
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CA5470 


Electrical Specifications = T, = -55°C to 125°C, Vsyppiy = +7.5V 


[npatOfserGurert | tol 
fnpatorent 


L_MAX | 
a 
Loe 
| 11000 
cm 
: _a- 
Positive Output Voltage Swing Vomt 

oe 

Ry = 2kQ to GND -2 V 
ae 
a 
ached 
a 
a 


eed 
Vion ove 8V 


~N 


on 
EE 
~ 


Negative Output Voltage Swing 


Total Supply Current Vout = GND, Ry = °° 
Unity Gain Bandwidth Product 


Output Current 
ISOURCE 6 


Sink to opposite supply 
Open Loop Gain -5V to +5V, Ry = 10kQ 


Block Diagram (1/4 of CA5470) 


Source to opposite supply 


_ 
B= 


—_ 
N oO 
a jee nN fo) 


V+ (4) 1.8mA/AMP 


TO BIAS 
CIRCUIT 


OUTPUT 


een 
PMOS DIFFERENTIAL GROUNDED GATE COMPOSITE MILLER OUTPUT STAGE GND OR 
INPUT STAGE LEVEL SHIFTER GAIN STAGE - SUPPLY 
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Typical Performance Curve 


Vout (Vp-p) 
fe*] 


10K 100K 


CA5470 
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FREQUENCY 


FIGURE 1. MAXIMUM OUTPUT VOLTAGE SWING vs FREQUENCY 


Metallization Mask Layout 


Dimensions in parentheses are in millimeters and 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10° inch). 


The layout represents a chip when it is part of the 
wafer. When the wafer is cut into chips, the cleavage 
angles are 57° instead of 90° with respect to the face 
of the chip. Therefore, the isolated chip is actually 7 
mils (0.17mm) larger in both dimensions. 
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mHaRRIs  HA-2400, HA-2404, 
Saurecaveures HA-2405 


40MHz, PRAM Four Channel 
November 1996 Programmable Amplifiers 


Features Description 


Programmability THA-2400/04/05 comprise a_ series of four-channel 
High Rate Slew programmable amplifiers providing a level of versatility 
Wide Gain Bandwidth unsurpassed by any other monolithic operational amplifier. 
; ; Versatility is achieved by employing four input amplifier 
High Gain channels, any one (or none) of which may be electronically 
Low Offset Current selected and connected to a single output stage through 
High Input Impedance DTL/TTL compatible address inputs. The device formed by 
the output and the selected pair of inputs is an op amp which 
delivers excellent slew rate, gain bandwidth and power 
DTL/TTL Compatible Inputs bandwidth performance. Other advantageous features for 

; ; these dielectrically isolated amplifiers include high voltage 
Applications gain and input impedance coupled with low input offset 
e Thousands of Applications; Program voltage and offset current. External compensation is not 
Signal Selection/Multiplexing required on this device at closed loop gains greater than 10. 


Operational Amplifier Gain Each channel of the HA-2400/04/05 can be controlled and 
Oscillator Frequency operated with suitable feedback networks in any of the 
Filter Characteristics standard op amp configurations. This specialization makes 
Add-Sabtract Functions these amplifiers excellent components for multiplexing signal 
selection and mathematical function designs. With 30V/us 
slew rate, 40MHz gain bandwidth and 30MQ _ input 
Comparator Levels impedance these devices are ideal building blocks for signal 


: . generators, active filters and data acquisition designs. 
Orderi ng Information Programmability, coupled with 4mvV typical offset voltage and 


Single Capacitor Compensation 


Integrator Characteristics 


TEMP. 5nA offset current, makes these amplifiers outstanding 
PART NUMBER | RANGE (°C) PACKAGE ae | components for signal conditioning circuits. 


HA1-2400-2 55to125 JI6LdCERDIP {F163 During Disable Mode Voyt goes to V-. For high output 
HA1-2404-4 -25 to 85 -|16Ld CERDIP F16.3 impedance during Disable, see HA2444. 

HA1-2405-9 168 Sener Pica For further design ideas, see Application Note AN514. 
HA3-2405-5 0 to 75 16 Ld PDIP E16.3 


Pinout 


TRUTH TABLE 


HA-2400/04 (CERDIP) 


HA-2405 (CERDIP, PDIP) SELECTED CHANNEL | D1 | 
a a ee 
a ee 

None, Vout goes to V- 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2891 2 
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AMPLIFIERS 


HA-2400, HA-2404, HA-2405 


Absolute Maximum Ratings Ty, = 25°C Thermal Information 
Voltage Between V+ and V- Terminals.................. 45.0V Thermal Resistance (Typical, Note 2) Oya (CCIW) 8c (°C/W) 
Differential Input VONAGE. «005 c6cc scene sacacnvsaeans VSUPPLY POMP Package. csuscenewsveeseaes 80 N/A 
cial IpUt VONRGG s 242 onde otweoteseweaes -0.76V to +10.0V CERDIP Package ................ 90 35 
Output Current........... Short Circuit Protected, Isc <t33mA) Maximum Junction Temperature (Ceramic Package)........ 175°C 
Internal Power Dissipation (Note 1) Maximum Junction Temperature (Plastic Package) ....... 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 

Operating Conditions Maximum Lead Temperature (Soldering 10s)............ 300°C) 
Temperature Range 

HAA2A00-2. oo csv cwadvawnenweveucesevas -55°C to 125°C 

FAIA, oon eecedencseceawredonn suess -25°C to 85°C 

Ria wr ae eee eencethsdonenwend chaewe 0°C to 75°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Maximum power dissipation including output load, must be designed to maintain the junction temperature below 175°C for the ceramic 
package, and below 150°C for the plastic packages. 


2. 6a is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Test Conditions: Vsyppyy = +15V, Unless Otherwise Specified. Digital Inputs: Vj_ = +0.5V, Viy = +2.4. 
Limits apply to each of the four channels, when addressed 


TEST TEMP. ischial | HA2405 
PARAMETER CONDITIONS (°c) | MIN | TYP | MAX— | MIN 


INPUT CHARACTERISTICS 


ie cs 
25 


Bias Current (Note 8) 


ee 
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Offset Current (Note 8) 
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Input Resistance (Note 8) 5 


Common Mode Range 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain Ry = 2kQ 25 
VouT = 20Vp.p Full 
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Output Voltage Swing Ry = 2kQ Full 


Full Power Bandwidth (Notes 4, 10) 
TRANSIENT RESPONSE (Note 11) 

Rise Time (Note 4) 
Overshoot (Note 4) 
Slew Rate (Note 3) 
Slew Rate (Notes 4, 9) 
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HA-2400, HA-2404, HA-2405 


Electrical Specifications Test Conditions: Vsypp,y = +15V, Unless Otherwise Specified. Digital Inputs: Vj) = +0.5V, Viy = +2.4. 
Limits apply to each of the four channels, when addressed (Continued) 


PARAMETER CONDITIONS (°C) | MIN | TYP | MAX | MIN | TYP | MAX | UNITS 


SetingTine wows ST [Vour=re | = | [opep- [eps] = 
[GHANNEL SELECT GHARAGTERISTIOS 


CHANNEL SELECT CHARACTERISTICS 


Digital Input Current 
Output Delay (Notes 6, 9) | 100 | 250 100 | 250 pons | 


Crosstalk (Note 7) 
POWER SUPPLY CHARACTERISTICS 


3. Ay = +10, Ccomp = 0, RL = 2kQ, C_ = 5OpF. 


4. Ay=+1, Ccomp = 15pF, Ry = 2kQ, Cy = 50pF. 

5. To 0.1% of final value. 

6. To 10% of final value; output then slews at normal rate to final value. 

7. Unselected input to output; Vij, = +10Vpc. 

8. Unselected channels have approximately the same input parameters. 

9. Guaranteed by design. 
10. Full Power Bandwidth based on slew rate measurement using: FPBW = i V = BY; 
11. See Figure 13 for test circuit. 
Schematic Diagram 

HA-2400 
IN- es 


—I—Po-fE 
Ri2 R43 Rig 
: aK 1.6K 0.8K 2.0K 
laskyy VE oak 
Bi00 $58 
iF 
oOUT 
Fat R35 alte A eo 
0.75 30 | 36.5 


Ik 2! = = 
i: = ara 


TO ADDITIONAL 
INPUT STAGES 


Diagram Includes: One Input Stage, Decode Control, Bias Network, and Output Stage 
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HA-2400, HA-2404, HA-2405 


Typical Applications 


DIGITAL 
CONTROL 


DIGITAL 
GROUND 


oletateteetot 


OUTPUT 
OUT AMP 


OUTPUT 
AMP 


Sample Charging Rate = v/s 


C 
lo 

Hold Drift Rate = cv/s 

Switch Pedestal Error = av 


500 |, ~ 150 x 10° 

lp = 200 x 10°9A at 25°C 
= 600 x 10°9A at -55°C 
= 100 x 10°9A at 125°C 

— Q=2x10'2¢ 


500 


FIGURE 1. HA-2400 AMPLIFIER, NONINVERTING 


FIGURE 2. HA-2400 SAMPLE AND HOLD 
PROGRAMMABLE GAIN 


For more examples, see Harris Application Note AN514. 
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HA-2400, HA-2404, HA-2405 


Typical Performance Curves 


140 
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6 | | | T+ 


75 100 125 


jaeenee _? 


FIGURE 3. INPUT BIAS CURRENT AND OFFSET CURRENT vs 
TEMPERATURE 


VsuppLy = +20V 
VsuppLy = +15V 
VsupPLy = +10V 


SUPPLY CURRENT (mA) 


TEMPERATURE (°C) 


FIGURE 5. POWER SUPPLY CURRENT vs TEMPERATURE 
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FIGURE 7. FREQUENCY RESPONSE vs Ccowp 
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FIGURE 4. NORMALIZED AC PARAMETERS vs TEMPERATURE 
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AMPLIFIERS 


OPERATIONAL 


OPEN LOOP VOLTAGE GAIN (dB) 
PHASE (DEGREES) 


—— Ccomp = OpF 
- — - Ccomp = 15pF 


FIGURE 6. OPEN LOOP FREQUENCY AND PHASE RESPONSE 


NORMALIZED VALUE REFERRED TO +15V 


SUPPLY VOLTAGE (V) 


FIGURE 8. NORMALIZED AC PARAMETERS vs SUPPLY 
VOLTAGE 
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HA-2400, HA-2404, HA-2405 


Typical Performance Curves (continued) 
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VsuppLy = +10V 
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FIGURE 9. OPEN LOOP VOLTAGE GAIN vs TEMPERATURE FIGURE 10. OUTPUT VOLTAGE SWING vs FREQUENCY 
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INPUT NOISE (:V) 
INPUT NOISE VOLTAGE (nV/VHz) 
INPUT NOISE CURRENT (pA/VHz) 
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UPPER 3dB FREQUENCY (LOWER 3dB FREQUENCY-10Hz) 
BROADBAND NOISE CHARACTERISTICS 


FIGURE 11. EQUIVALENT INPUT NOISE vs BANDWIDTH FIGURE 12. INPUT NOISE vs FREQUENCY 
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SELECTED 
CHANNEL 
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FIGURE 13. SLEW RATE AND TRANSIENT RESPONSE 
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eo ae HA-2406 


30MHz, Digitally Selectable Four Channel 
November 1996 Operational Amplifier 


Features Description 


TTL Compatible Inputs The HA-2406 is a monolithic device consisting of four op 
amp input stages that can be individually connected to one 
output stage by decoding two TTL lines into four channel 
select signals. In addition to allowing each channel to be 
High Slew Rate addressed, an enable control disconnects all input stages 
from the output stage when asserted low. 


Single Capacitor Compensation 
Low Crosstalk 


Low Offset Current 


Offset Voltage Each input-output combination of the HA-2406 is designed 

: : ; to be a 20V/us, 30MHz gain-bandwidth amplifier that is 

High Gain-Bandwidth stable at a gain of ten. By connecting one external 15pF 

High Input Impedance | capacitor all amplifiers are compensated for unity gain 

operation. The compensation lead may also be used to limit 

Applications the output swing to TTL levels through Suitable clamping 
diodes and divider networks (see Application Note AN514). 


¢ Digital Control Of 


: : : Dielectric isolation and short-circuit protected output stages 
Analog Signal Multiplexing P p g 


contribute to the quality and durability of the HA-2406. 
Op Amp Gains When used as a simple amplifier, its dynamic performance 
Oscillator Frequencies is very good and when its added versatility is considered, 
Filter Characteristics the HA-2406 is unmatched in the analog world. It can 
Comparator Levels replace a number of individual components in analog signal 
conditioning circuits for digital signal processing systems. 


Ordering Information Its advantages include saving board space and reducing 


power supply requirements. 
TEMP 
PART NO. RANGE (°C) PACKAGE 


For further design ideas, see Application Note AN514. 


OPERATIONAL 
AMPLIFIERS 


During Disable Mode Voyt goes to V-. For high output 
impedance during Disable, see HA2444. 


Pinout 


HA-2406 TRUTH TABLE 
(PDIP, CERDIP, SOIC) 


TOP VIEW) 


a. se 


Datel 
a Ey CONTROL 
+IN4 Ei ! _ 


ne 


+IN2] 8 [G 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2892.2 
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HA-2406 


Absolute Maximum Ratings Ty, = 25°C 


Supply Voltage Between V+ and V- Terminals.............. 45V 
Differential (put VORAIS. 2. ckevse seen ese nereecius VSUPPLY 
Output Current........... Short Circuit Protected (Is¢ <+33mA) 


Operating Conditions 


Temperature Range 
HAe2A0G-S. . occa a sadecaaceanscactanneens 0°C to 75°C 
HA-CA0G-G..n cc csvicwseauseuvaracorsatvaneirs® -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) Bya (CCIW) yc (CC/W) 


POIP POCKAGS ca nccccaeseveuueeees 80 N/A 

Bs PACKAOG.. cc scke ess aeeaaw ss 96 N/A 

CERDIP Package ............+5.: 90 35 
Maximum Junction Temperature (Ceramic Package)........ 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range .......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. Oya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Test Conditions: Vsyppyy = 15.0V, Unless Otherwise Specified. Digital Inputs: Vj, = +0.5V, Viyq = +2.4V. 
Limits apply to each of the four channels, when addressed. 


INPUT CHARACTERISTICS 
Offset Voltage 


Bias Current (Note 7) 


Offset Current (Note 7) 


Input Resistance (Note 7) 


Common Mode Range 


TRANSFER CHARACTERISTICS 


Gain Bandwidth Product (Notes 2, 9) 
Gain Bandwidth Product (Notes 3, 9) 


Full Power Bandwidth (Notes 2, 8, 9) 

Full Power Bandwidth (Notes 3, 8) 
TRANSIENT RESPONSE (Note 10) 

Note 3) 

Overshoot (Note 3) 

Slew Rate (Notes 2, 9) 

Slew Rate (Note 3) 

Settling Time (Notes 3, 4) 

CHANNEL SELECT CHARACTERISTICS 


Rise Time 


~=_— 


Digital Input Current 


TEST 
PARAMETER CONDITIONS TEMP (°C) 


Large Signal Voltage Gain Ry = 2kQ 25 
Vout = 20Vp.p Full 


Common Mode Rejection Ratio Vom = +5V Full 
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HA-2406 


Electrical Specifications Test Conditions: Vsyppyy = 15.0V, Unless Otherwise Specified. Digital Inputs: Vj, = +0.5V, Viy = +2.4V. 
Limits apply to each of the four channels, when addressed. (Continued) 


et HA-2406-5, -9 
PARAMETER CONDITIONS TEMP (°C) | MIN | TYP | MAX — UNITS 


ES 


Output Delay (Notes 5, 9) 


Crosstalk (Note 6) 


. Ay = +10, Ccoomp = 9, Ry = 2kQ, Cy, = SOpF. 

. Ay=+1, Ccomp = 15pF, Ry = 2kQ, Cy = SOpF. 

. To 0.1% of final value. 

. To 10% of final value; output then slews at normal rate to final value. 


. Unselected channels have approximately the same input parameters. 
Slew Rate 


. Full power Bandwidth based on slew rate measurement using: FPBW = 
2nV BEAK 


2 
3 
4 
S 
6. Unselected input to output; Vijy = +10V 
7 
8 
9. Sample tested. 

0 


. See Figure 11 for test circuit. 


Schematic Diagram 


] +V 
er ee “se 


IN+ 
= 
Ry Ri2 R43 Rig Raq 
1.6K 1.6K 0.8K 2.0K = 1.6K 
84 Q 
osGy ve oaby BT oye om bok Tsu" 
Q, : oe i R32 
reel fet rh ids 
Q27 Q26 oO © OUT 
Rs Q34 Qi03 R35 a z R34 
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Q 
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oT "| | bee 


TO ADDITIONAL 
INPUT STAGES 


Diagram Includes: One Input Stage, Decode Control, Bias Network, and Output Stag 
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OPERATIONAL 


AMPLIFIERS 


HA-2406 | 


Typical Applications 


DIGITAL 
CONTROL 


DIGITAL 
GROUND 


Lolo aL 
4 
_ 


OUTPUT OUT OUTPUT 
AMP AMP 


2K 
| 
; 1 
sie Sample Charging Rate = ev/s 
1p 
500 Hold Drift Rate = <V/s 
500 Switch Pedestal Error = Qy 


C 
= ly =~ 150 x 10°5A 
lp ~ 200 x 10°9A at 25°C 
= 600 x 10°9A at -55°C 
= 100 x 10°9A at 125°C 
Q=2x10'4C 


FIGURE 1. HA-2406 AMPLIFIER, NONINVERTING FIGURE 2. HA-2406 SAMPLE AND HOLD 
PROGRAMMABLE GAIN 


For more examples, see Harris Application Note AN514. 
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HA-2406 


Typical Performance Curves 


OFFSET CURRENT (nA) 


TEMPERATURE (°C) 


FIGURE 3. INPUT BIAS CURRENT AND OFFSET CURRENT vs 
TEMPERATURE 


ne ee eee 
a = Sa ca a le 


Vs = +20V 
Vs =+15V 


SUPPLY CURRENT (mA) 


TEMPERATURE (°C) 


FIGURE 5. POWER SUPPLY CURRENT vs TEMPERATURE 


V, SAK <a. | 
ANAT 
RNR 


OPEN LOOP VOLTAGE GAIN (dB) 


10 100 1K 10K 100K 1M 10M 100M 


FREQUENCY (Hz) 


FIGURE 7. FREQUENCY RESPONSE vs Ccomp 


BANDWIDTH 


NORMALIZED VALUE REFERRED TO 25°C 


TEMPERATURE (°C) 


FIGURE 4. NORMALIZED AC PARAMETERS vs 
TEMPERATURE 


ST malice ae i el 


TINT Ci ANT 
hs SINT | 


120 


100 | 


oe 
oO 


60 


AMPLIFIERS 


OPERATIONAL 


all CCITT 
Ca INN II 

UII TT 
IIL TINSAI 


10 100 1K 10K 100K 10M 100M 
FREQUENCY (Hz) 


PHASE (DEGREES) 


150 


OPEN LOOP VOLTAGE GAIN (dB) 


180 


FIGURE 6. OPEN LOOP FREQUENCY AND PHASE RESPONSE 


NORMALIZED VALUE REFERRED TO +15V 


SUPPLY VOLTAGE (V) 


FIGURE 8. NORMALIZED AC PARAMETERS vs SUPPLY 
VOLTAGE 
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HA-2406 


Typical Performance Curves (continued) 


GAIN (dB) 


— 
ST ee 


Batic. 


OUTPUT SWING (Vp.p) 


TEMPERATURE (°C) FREQUENCY (Hz) 


FIGURE 9. OPEN LOOP VOLTAGE GAIN vs TEMPERATURE FIGURE 10. OUTPUT VOLTAGE SWING vs FREQUENCY 


INPUT NOISE (iV) 


cn aa een tenia aorta 1000 ee 10 
SS SS ee on ess ee mes he oe om eS 7 SC = 
g a ae g 
> 2 
1oL, sox source nesisrance | | [I] AAT as ui : 
ra search RESISTANCE = 5 ue o FOES incur noice voutace i ui 
= Ona Het i 5 ooo cc 
Cee itt maniit ert Oo iii =; 
PT a THe IU oT Ee : 
oLuleerrt een  COUMCT af 
eee ee ae a 
aT REBESE = til a ce 
on LL LEAT | LT i a ie 
100Hz 1kHz 10kHz 100kHz 1MHz 100 10K 100K 
UPPER 3dB FREQUENCY (LOWER 3dB FREQUENCY-10Hz) FREQUENCY a 
BROADBAND NOISE CHARACTERISTICS 
FIGURE 11. EQUIVALENT INPUT NOISE vs BANDWIDTH FIGURE 12. INPUT NOISE vs FREQUENCY 


COMP 


SELECTED 
CHANNEL 


FIGURE 13. SLEW RATE AND TRANSIENT RESPONSE 
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HA-2444 


50MHz, Selectable, Four Channel 
Video Operational Amplifier 


November 1996 yyia na s ANSWS 


Feat 


Digital Selection of Input Channel 

Unity Gain Stability 

Gain Flatness to 10MHZ..................4.. 
Diterental Gali scccvivensecesnscuessecueys 0.03% 
Differential Phase.................... 0.03 Degrees 
Fast Channel Selection.....................:. 
Crosstalk Rejection ...........000ccecceenees 


Applications 


¢ Video Multiplexer 

¢ Programmable Gain Amplifier 

e Special Effects Processors 

¢ Video Distribution Systems 

e Heads-up/Night Vision Displays 
¢ Medical Imaging Systems 

e Radar Video 


Ordering Information 


[parr wumaen [rane (°c)| rackace | ‘nor 
PART NUMBER | RANGE (°C) 


Pinout 


HA-2444 
(PDIP, SOIC) 
TOP VIEW 


Description 


The HA-2444 is a channel-selectable video op amp 
consisting of four differential inputs, a single-ended output, 
and digital control circuitry allowing two digital inputs to 
activate one of the four differential inputs. The HA-2444 also 
includes a high impedance output state allowing the outputs 
of multiple HA-2444s to be wire-OR’d. Functionally, the 
HA-2444 is equivalent to four wideband video op amps and 
a wideband multiplexer. 


Unlike similar competitor devices, the HA-2444 is not 
restricted to multiplexing. Any op amp configuration can be 
used with any of the inputs. Signal amplification, addition, 
integration, and more can be put under digital control with 
broadcast quality performance. 


The key video parameters of the HA-2444 have been 
optimized without compromising DC performance. Gain 
Flatness to 10MHz is only 0.1dB. Differential gain and phase 
are typically 0.03% and 0.03 degrees, respectively. Laser 
trimming allows offset voltages in the 4.0mV range and a 
unique common current source design assures minimal 
channel-to-channel mismatch, while maintaining 60dB of 
crosstalk rejection at 5MHz. Open loop gain of 76dB and low 
input offset and bias currents enhance the performance of 
this versatile device. 


For information about military grade devices, please refer to 
the HA-2444/883 data sheet. 


Logic Operation 


TRUTH TABLE 


SELECTED 
CHANNEL 
1 


Low State (0.8V Max) 
High State (2.4V Min) 
Don't Care 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper iC Handling Procedures. 
right © Harris Corporation 1996 
Copyright © p 3-173 


2490.6 


File Number 


OPERATIONAL 
AMPLIFIERS 


HA-2500, HA-2502, 
HA-2505 


12MHz, High Input Impedance, 
Operational Amplifiers 


FARRIS 


SEMICONDUCTOR 


GD 


November 1996 


Features Description 

e Slew Rate .......... 0. c eee cece eee ee eee 30V/us HA-2500, HA-2502, HA-2505 comprises a_ series of 

© PGS SEUNG csc es veeweasianstdensesageeian 330ns OPerational amplifiers whose designs are optimized to 
deliver excellent slew rate, bandwidth, and settling time 

¢ Full Power Bandwidth ..............0.0000. SOOKHZ specifications. The outstanding dynamic features of this 

© Gain Bandwidth ..........ccecccceccccucce 42MHz__ internally compensated device are complemented with low 
offset voltage and offset current. 

¢ High Input Impedance.................0000: 50MQ 


These dielectrically isolated amplifiers are ideally suited for 
applications such as data acquisition, RF, video, and pulse 
conditioning circuits. Slew rates of +30V/us and 330ns 
(0.1%) settling time make these devices’ excellent 
components in fast, accurate data acquisition and pulse 


e¢ Low Offset Current 
e Internally Compensated For Unity Gain Stability 


Applications 
e Data Acquisition Systems 
e RF Amplifiers 


¢ Video Amplifiers 


amplification designs. 12MHz small signal bandwidth and 
500kHz power bandwidth make these devices well suited to 
RF and video applications. With 2mvV typical offset voltage 
plus offset trim capability and 10nA offset current, HA-2500, 
HA-2502, HA-2505 are particularly useful components in 


¢ Signal Generators signal conditioning designs. 


The gain and offset voltage figures of the HA-2500 series 
are optimized by internal component value changes while 
the similar design of the HA-2510 series is maximized for 
slew rate. 


Ordering Information 
TEMP 


PART 
NUMBER | RANGE (°C) 


MIL-STD-883 product and data sheets are available upon 
request. 


Pinouts 
HA-2500/02 (CERDIP) HA-2500/02/05 
HA-2505 (PDIP, CDIP) (METAL CAN) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 
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2890.2 


File Number 


HA-2500, HA-2502, HA-2505 


Absolute Maximum Ratings Thermal Information 
Supply Voltage Between V+ and V- Terminals.............. 40V___ Thermal Resistance (Typical, Note 1) Bya (CCW) 8jc (CCW) 
Dittererittal INGOT VONAGE. . .uccieacenneseeynnartestagues 15V Metal Can Package............... 165 80 
Peak Output CUNSIT. .. 0.6 cc gee we ewe etme nee ewenye 50mA POP POGKAGG . ck scaevesvcvaneser 96 N/A 
GEMDiP PROKAGS .ccccecuvases ens 135 50 
Operating Conditions Maximum Junction Temperature (Hermetic Package) ........ 175°C 
+ R Maximum Junction Temperature (Plastic Package) ........ 150°C 
greene eatina santo Maximum Storage Temperature Range ......... -65°C to 150°C 
‘ aad ah acta alc alec . Maximum Lead Temperature (Soldering 10s)............. 300°C 
FEE Gis andve sre avid besaeecdeteneeses 0°C to 75°C ‘ ( 9 108) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. Oya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications = Vs=+15V 
ec) [ane [vee [wax [ wns [ove [wax [wn [ove [wax | uns 
INPUT CHARACTERISTICS 


oa es ee ee 

et-[-f*{---[®]-[-|[*[~_ 

a{-[@[-{-[=[-|-[*=|—_ 

2 A 
p= fe 


PARAMETER 


Offset Voltage Average Drift 


nN 
On 
o 
2 
> 


Bias Current 


Full 


oi 
[2) 
oO 
=) 


5 
ac: 
Offset Current 25 


=i 
© 


200 
400 
25 
Full 50 


Input Resistance (Note 2) 5 


ie) 

oO 

o1 

oO 
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oO 

ine) 
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sf 3 
</}5/ >] >] > o 


Common Mode Range 


I+ 
ls 
oO 


TRANSFER CHARACTERISTICS 


pe) 


ie) 
oO 
ine) 
on 


re 
ine) 


Large Signal Voltage Gain (Notes 3, 6) 
Full 


— 
ol 


Common Mode Rejection Ratio Full 
(Note 4) 
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Gain Bandwidth Product (Note 5) 
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OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 3) Full 12 
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i 
py 
ine) 
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Output Current (Note 6) 
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Full Power Bandwidth (Notes 6, 11) 2 kHz 


NS 
oO 
H+ 
ay 
io) 
+ 
iS 


oO 
Oo 
oO 


TRANSIENT RESPONSE 
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Rise Time (Notes 3, 7, 8, 9) 


e 
on 
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NO 


Overshoot (Notes 3, 7, 8, 9) 


Slew Rate (Notes 3, 7, 9, 12) +30 +2 V/us 


0.33 


N 
o 


fel 


Settling Time to 0.1% 0.33 


(Notes 3, 7, 9, 12) 
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OPERATIONAL 


AMPLIFIERS 


HA-2500, HA-2502, HA-2505 


Electrical Specifications = Vs =+15V (Continued) 


raraweren 00) [ww |e [wax] wm [ve [war] wn [ve [wax uns 


POWER SUPPLY CHARACTERISTICS 


sail ay E32 RA ERE SES ESE ES EY 
ia E32 ae LAR ee RE SRA Ee 


NOTES: 

2. This parameter value is based on design calculations. 
3. RL = 2kQ. 
4. Vom =+10V. 
5. Ay > 10. 
6 
7 
8 


. Vo = +10V. 
. C, = 50pF. 
. Vo = +200mV. 
9. See Transient Response Test Circuits and Waveforms. 
10. AV =<45V. 
11. Full Power Bandwidth guaranteed based on slew rate measurement using: FPBW = Slew Rate/2nVpe ax. 
12. Vout = +5V. 


Test Circuits and Waveforms 


+5V +200mV 
Per INPUT 
-5V y 


a) i OmvV 


seal OVERSHOOT 
ERROR BAND +200mV - — — 


I 
I 
=. —-' SLEW | +10mMV FROM 90% - — 
It | RATE | FINAL VALUE 
(1 4t OUTPUT 
7 10% - I 
' OmvV i 4 
1 SETTLING —>1 I< RISE TIME 
= TIME —_S'! , ‘ 


NOTE: Measured on both positive and negative transitions from OV to +200mv and OV to -200mV at the output. 
FIGURE 1. SLEW RATE AND SETTLING TIME FIGURE 2. TRANSIENT RESPONSE 


IN 
OUT 
ae a TVET EN ET 
Ry = 2kQ, C, = 50pF Vertical = 5V/Div. 
NOTE: Measured on both positive and negative transitions from OV Upper Trace: Input Horizontal = 200ns/Div. 
to +200mv and OV to -200mV at the output. Lower Trace: Output Ta = 28°C, Vg = +15V 
FIGURE 3. SLEW RATE AND TRANSIENT RESPONSE FIGURE 4. VOLTAGE FOLLOWER PULSE RESPONSE 
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HA-2500, HA-2502, HA-2505 


Test Circuits and Waveforms (continued) 


1pF 


> OUT 


2N4416 


4 SETTLING TIME 
TEST POINT 


CR2 


13. Ay =-1. 
14. Feedback and Summing Resistor Ratios should be 0.1% 
matched. NOTE: Tested offset adjustment range is |Vos + 1mMVI minimum 
15. Clipping Diodes CR, and CRp are optional. HP5082-2810 referred to output. Typical ranges are +6mV with Ry = 20kQ. 
recommended. 
FIGURE 5. SETTLING TIME TEST CIRCUIT FIGURE 6. SUGGESTED Vos ADJUSTMENT AND COMPEN- 
SATION HOOK UP 
Schematic 
BAL BAL 
o V+ 
Qy 
Q2 
Q3 
30 
9 OUTPUT 
Q4 
COMP 
+ INPUT 
Q33 
0 V- 
- INPUT 
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OPERATIONAL 


AMPLIFIERS 


HA-2500, HA-2502, HA-2505 


Typical Performance Curves Vg = +15V, Ta = 25°C, Unless Otherwise Specified 


BIAS CURRENT 
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oO 
TEMPERATURE (°C) 
FIGURE 7. INPUT BIAS AND OFFSET CURRENT vs 
TEMPERATURE 
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NORMALIZED PARAMETERS REFERRED 


-50 -25 0 25 50 75 100 125 


TEMPERATURE (°C) 


FIGURE 9. NORMALIZED AC PARAMETERS vs TEMPERATURE 


NORMALIZED PARAMETERS REFERRED 
TO VALUES AT +15V 


SUPPLY VOLTAGE (+V) 


FIGURE 11. NORMALIZED AC PARAMETERS vs SUPPLY 
VOLTAGE 
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FIGURE 8. EQUIVALENT INPUT NOISE vs BANDWIDTH 
(WITH 10Hz HIGH PASS FILTER) 
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FIGURE 10. OPEN LOOP FREQUENCY AND PHASE 


RESPONSE 
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EQUIVALENT INPUT NOISE (uVranys) 


0.1 
100Hz 


120 


120 


150 


OPEN LOOP VOLTAGE GAIN (dB) 


o 


180 


OPEN LOOP VOLTAGE GAIN (dB) 


NOTE: External compensation components are not required for 


1MHz 


PHASE (DEGREES) 


100M 


Stability, but may be added to reduce bandwidth if desired. 


FIGURE 12. OPEN LOOP FREQUENCY RESPONSE FOR 
VARIOUS VALUES OF CAPACITORS FROM 
COMPENSATION PIN TO GROUND 
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HA-2500, HA-2502, HA-2505 


Typical Performance Curves Vz = +15V, Ta = 25°C, Unless Otherwise Specified (Continued) 


35 
SE 


a 30 
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TEMPERATURE (°C) FREQUENCY (Hz) 
FIGURE 13. OPEN LOOP VOLTAGE GAIN vs TEMPERATURE FIGURE 14. OUTPUT VOLTAGE SWING vs FREQUENCY 


OPERATIONAL 
AMPLIFIERS 
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FIGURE 15. POWER SUPPLY CURRENT vs TEMPERATURE 
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HA-2500, HA-2502, HA-2505 


Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered Up): 
57 mils x 65 mils x 19 mils Unbiased 
LR VaR Shean TRANSISTOR COUNT: 
METALLIZATION: 40 
Type: Al, 1% Cu PROCESS: 


Thickness: 16kA si okA 
PASSIVATION: 


Type: Nitride (Si3N4) over Silox (SiO2, 5% Phos.) 
Silox Thickness: 12kA + 2kA 
Nitride Thickness: 3.5kA + 1.5kA 


Bipolar Dielectric Isolation 


Metallization Mask Layout 


HA-2500, HA-2502 


COMP 


V+ 
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m = HA-2510, HA-2512, 
HARRIS HA-2515 


12MHz, High Input Impedance, 


November 1996 Operational Amplifiers 
Features Description 
S- ClG BO os ined ecaweceeersenannd bandages 60V/us HA-2510/12/15 are a series of high performance operational 


amplifiers which set the standards for maximum slew rate, 


© Fast Settling... 0... . see eee ee eee eee e eens 250NS highest accuracy and widest bandwidths for internally com- 
© Full Power Bandwidth ............ecceccecce 4MHz_  pensated devices. In addition to excellent dynamic charac- 
teristics, these dielectrically isolated amplifiers also offer low 
e Gain Bandwidth .................0e eee eens 12MHz offset current and high input impedance. 
¢ High Input Impedance.................005. 100MQ = The +60V/s slew rate and 250ns (0.1%) settling time of these 
amplifiers is ideally suited for high speed D/A, A/D, and pulse 
* Low Offset Current 2. ccscccsccesiceccvusenes 10nA_ = amplification designs. HA-2510/12/15’s superior 12MHz gain 
; ; _ bandwidth and 1000kHz power bandwidth is extremely useful 
* Internally Compensated for Unity Gain Stability in RF and video applications. For accurate signal conditioning 
these amplifiers also provide 10nA offset current, coupled with 
A pp lications 100MQ input impedance, and offset trim capability. 


MIL-STD-883 product and data sheets available upon request. 


¢ Data Acquisition Systems . ; 
Ordering Information 


[eanrwumsen |ranee'®e)| _racxace | ‘wo 
PART NUMBER | RANGE (°C) 


¢ RF Amplifiers 


e Video Amplifiers 


¢ Signal Generators 


OPERATIONAL 
AMPLIFIERS 


e Pulse Amplification 


HA7-2510-2 -55 to 125 |8Ld CERDIP F8.3A 
HA7-2512-2 -55 to 125 |8Ld CERDIP F8.3A 
HA7-2515-5 0 to 75 8 Ld CERDIP F8.3A 


Pinouts 
HA-2510/12 (CERDIP) HA-2510/12/15 
HA-2515 (PDIP, CERDIP) (METAL CAN) 
TOP VIEW TOP VIEW 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2893.2 
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HA-2510, HA-2512, HA-2515 


Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- Terminals.................0.- 40V Thermal Resistance (Typical, Note 1) Oya (CCW) 8yc (CCW) 
Ditterential input VONAGE. sx s.asvecccsscecwesneecee evens 15V Metal Can Package............... 165 80 
Page UI GUNG evi vccccw nosso bavanar teers oe 50mA PDIP PaCkAgG 20.2 ccscuenasosoan 96 N/A 
CERDIP Package ...........+-+.: 135 50 
Operating Conditions Maximum Junction Temperature (Hermetic Package) ........ 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Temperature Range ‘ Maximum Storage Temperature Range ......... -65°C to 150°C 
tte VEO ae eenneeneeenneererenenans “55 ae peti Maximum Lead Temperature (Soldering 10s)............. 300°C 
Beene: encevtageieecewenrtaaniavedaa seus 0OYC to 75°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. ®ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +15V 


PARAMETER 


INPUT CHARACTERISTICS 
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TRANSFER CHARACTERISTICS 
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Gain Bandwidth Product (Note 5) 
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OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 3) +10.0 | +12.0 +12.0 
Output Current (Note 6) +10 +20 +10 +20 +10 +20 
Full Power Bandwidth (Notes 6, 11) 750 | 1000 1000 1000 kHz 


TRANSIENT RESPONSE 
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Settling Time to 0.1% (Notes 3, 7, 9, 12) 25 
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HA-2510, HA-2512, HA-2515 


Electrical Specifications Vsypp,y=+15V (Continued) 


vewr [_waastoa | waasiee | waasies 
paraneren | Yee) wm [ver [wax] ww [roe [wax wn [ rer [wa | ors 


POWER SUPPLY CHARACTERISTICS 


Sy re ed 
rom sap rooanrooneovo| ra fof] -[xlta|-}=l~|-|e_ 


NOTES: 
. This parameter value is based on design calculations. 
FA, = eka. 
. Vom = £10V 
. Ay >10. 
. Vo = +10V. 
. C; =50pF. 
. Vo = +200MmV. 
9. See Transient Response Test Circuits and Waveforms. 
10. AV =a5V, 
11. Full Power Bandwidth guaranteed based on slew rate measurement using: FPBW = Slew Rate/2nVpe ax. 
12. Vout = +5V. 


ONO A WD 


Test Circuits and Waveforms 


+5V +200mV 
sicited INPUT 
-5V ¥ 


WN oo oy OmvV 


OPERATIONAL 
AMPLIFIERS 


OVERSHOOT 


ERROR BAND +200mV - — — 


| 
5V 22 > oo 
wo — ae! SLEW | +10mV FROM 90% --- 
ll oat | RATE | FINAL VALUE OUTPUT : 
; 3 ,=AviAt | 10% ; 
| | OmvV ; I 
SETTLING —>! '<«— RISE TIME 
TIME | ro 
NOTE: Measured on both positive and negative transitions from OV NOTE: Measured on both positive and negative transitions from OV 
to +200mV and OV to -200mV at the output. to +200mV and OV to -200mvV at the output. 
FIGURE 1. SLEW RATE AND SETTLING TIME FIGURE 2. TRANSIENT RESPONSE 
IN 
OUT 
2kQ 50pF T 


PT VIE TEIN | 


TTT NI 
PTT Tritt 


7 - Ry = 2kQ, C, = 50pF Vertical = 5V/Div. 
NOTE: Measured on both positive and negative transitions from OV Upper Trace: Input Horizontal = 200ns/Div. 
to +200mV and OV to -200mvV at the output. Lower Trace: Output Ta = 25°C, Vg = +15V 
FIGURE 3. SLEW RATE AND TRANSIENT RESPONSE FIGURE 4. VOLTAGE FOLLOWER PULSE RESPONSE 


3-183 
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Test Circuits and Waveforms (continued) 


2N4416 0 OUT 


, SETTLING TIME 
TEST POINT 


CR2 


NOTES: 
13. Ay =-1. 
14. Feedback and summing resistor ratios should be 0.1% matched. 
15. Clipping diodes CR, and CRz are optional. HP5082-2810 NOTE: Tested offset adjustment range is |VOS + 1mVI minimum 
recommended. referred to output. Typical ranges are t6mV with Ry = 20kQ. 
FIGURE 5. SETTLING TIME TEST CIRCUIT FIGURE 6. SUGGESTED Vos ADJUSTMENT AND 
COMPENSATION HOOK UP 
Schematic 


Oo BAL 9 BAL 


Re | Ro Reg 
200] 200 200 
R7 |Ri0 
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bl . 
C2 C; R13 
2.7pF 10pF O14 » OUT 
R14 
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Typical Performance Curves 


VsuppLy = +20V 


Vsuppcy = +15V 
VsuppLy = +10V 
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TEMPERATURE (°C) 


FIGURE 7. POWER SUPPLY CURRENT vs TEMPERATURE 
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FIGURE 8. INPUT BIAS AND OFFSET CURRENT vs 
TEMPERATURE 


BANDWIDTH a ae 
nee 


SLEW RATE i —_ 
oper) | ARS 


OPERATIONAL 
AMPLIFIERS 


NORMALIZED PARAMETERS 
REFERRED TO VALUES AT 25°C 


0.1 
tooBs 1kHz 10kHz 100kHz 1MHz 
FREQUENCY (Hz) TEMPERATURE (°C) 
FIGURE 9. EQUIVALENT INPUT NOISE vs BANDWIDTH FIGURE 10. NORMALIZED AC PARAMETERS vs 
(WITH 10Hz HIGH PASS FILTER) TEMPERATURE 
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FIGURE 11. OPEN LOOP GAIN AND PHASE RESPONSE 
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FIGURE 12. NORMALIZED AC PARAMETERS vs SUPPLY 
VOLTAGE AT 25°C 
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Typical Performance Curves (continued) 
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FIGURE 13. OPEN LOOP GAIN RESPONSE FOR VARIOUS 
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FIGURE 14. OPEN LOOP VOLTAGE GAIN vs TEMPERATURE 


VALUES OF CAPACITORS FROM COMPENSATION 
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OUTPUT VOLTAGE SWING (Vp.p) 
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FIGURE 15. OUTPUT VOLTAGE SWING vs FREQUENCY 
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Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered Up): 
65 mils x 57 mils x 19 mils Unbiased 
1650um x 1450um x 483um TRANSISTOR COUNT: 
METALLIZATION: 
40 
Type: Al, 1% Cu PROCESS: 


Thickness: 16kA +2kA 
PASSIVATION: Bipolar Dielectric Isolation 


Type: Nitride (SigN4) over Silox (SiO2, 5% Phos.) 
Silox Thickness: 12kA +2kA 
Nitride Thickness: 3.5kA +1.5kA 


Metallization Mask Layout 


HA-2510, HA-2512, HA-2515 


COMP 


OPERATIONAL 
AMPLIFIERS 


3-187 


HA-2520, HA-2522, 


KFiARRI 
tt HARRIS HA-2525 
20MHz, High Slew Rate, Uncompensated, 


November 1996 High Input Impedance, Operational Amplifiers 


Features 

e High Slew Rate 
Fast Settling 
Full Power Bandwidth 
Gain Bandwidth (Ay 2 3) 


Description 


HA-2520/2522/2525 comprise a series of operational amplifiers 
delivering an unsurpassed combination of specifications for 
slew rate, bandwidth and settling time. These dielectrically 
isolated amplifiers are controlled at close loop gains greater 
than 3 without external compensation. In addition, these high 
performance components also provide low offset current and 


High Input Impedance high input impedance. 

Low Offset Current 120V/us slew rate and 200ns (0.2%) settling time of these 
amplifiers make them ideal components for pulse amplification 
and data acquisition designs. These devices are valuable 
components for RF and video circuitry requiring up to 2OMHz 
gain bandwidth and 2MHz power bandwidth. For accurate signal 
conditioning designs the HA-2520/2522/2525's superior dynamic 
specifications are complemented by 10nA offset current, 100MQ 
¢ Video Amplifiers input impedance and offset trim capability. MIL-STD-883 product 

and data sheets are available upon request. 


Ordering Information 


PMenano) [Rance (®c)| packace | No. 
(BRAND) RANGE (°C) 
[raz2500-2 | S510 125 [oPinMolal Gan [TOC 


Applications 
¢ Data Acquisition Systems 


e RF Amplifiers 


¢ Signal Generators 


Pulse Amplification 


[HAT 2500-2 | S510 125 [@LAGERDIP [FOS 


HA9P2525-5 0to75 |8LdSOIC M8.15 
(H25255) 


Pinouts 


HA-2520/22 (CERDIP) HA-2520/22/25 
HA-2525 (PDIP, CERDIP, SOIC) (METAL CAN) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 
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HA-2520, HA-2522, HA-2525 


Absolute Maximum Ratings Thermal Information 
Supply Voltage (Between V+ and V- Terminals)............. 40V ‘Thermal Resistance (Typical, Note 1) Bya (CCIW) 8yo (CCW) 
Ditterantial input VONAQG, : 6 ss6ckeectw se iuwnrdavaseseans 15V Metal Can Package............... 165 80 
CO CUMIN 2.6 coon cashes i'n én tae nd dee peeenn seen 50mA PDIP PAGKAGS . ove ceeeenndaren eas 96 N/A 
CEADIP PAGKAUG csccccscawes avs 135 50 
Operating Conditions PLGG PROMAQS 2 .csveesvne nd seen 74 N/A 
SOW PAGKEGS . 2.5 ciacsinevaauens 157 N/A 
i ae liek 55°C to 125°C Maximum Junction Temperature (Hermetic Packages) ...... 175°C 
HA-0526-6 0. 0°C to 75°C Maximum Junction Temperature (Plastic Package) ....... 150°C 
salah halen land habada hark ial niaialatialiaiahch Aik Maximum Storage Temperature Range ......... .-65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC and PLCC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. Oya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications = Vsyppyy = +15V 


remp |___HA2520-2 | HA252220 | HA2525-5 
PARAMETER (°C) 


INPUT CHARACTERISTICS 
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Common Mode Range Full +10.0 


TRANSFER CHARACTERISTICS 
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Large Signal Voltage Gain 
(Notes 3, 6) 
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(Note 4) 


MAX | 
a2 
i 
bs 
| 200 
£3 
o | 
| 80 | 
o{ - | + 
=e 
of 2 
= 
Le 
a 
= 
tL 
5 | 50 
5 | 4 | 
_— 
a 


7.5 


10 


OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 3) Full | +10.0 | +12.0 +10.0 | +12.0 Ede 
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Output Current (Note 6) 25 +10 +20 
Full Power Bandwidth 25 


(Notes 6, 11) aL 


TRANSIENT RESPONSE (Ay = +3) 
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Electrical Specifications Vsyppyy =+15V (Continued) 


ee 


POWER SUPPLY CHARACTERISTICS 


POWERSUPPLY CHARACTERISTICS 
Sunvowen dT J [*][e]-[*][s]-]*]e][ = 
Powe Sippy Rapaonramnee] rf o> | >| -)=lo|f-{|[o, | « 


NOTES: 

2. This parameter value is based on design calculations. 
3. Rp = 2kQ. 
4. Vom =+10V. 
5. Ay > 10. 
6 
7 
8 


. Vo = +10.0V. 
. C, = 50pF. 
. Vo = +200mV. 
9, AV =25.0V, 
10. See Transient Response Test Circuits and Waveforms. 
11. Full Power Bandwidth guaranteed based on slew rate measurement using: FPBW = prow Fate : 
12. Vout = +5V. PEAK 


Test Circuits and Waveforms 


+1.67V +67mV 
INPUT | | INPUT 
-1.67V y 
45V¥ --=--3-- OV 


ERROR BAND +200mV - - —- 


“SV - — — ewe, 1 Stew ! +10mV FROM ae = 

| 

+, At I< RATE ! FINAL VALUE OUTPUT ; 

bor) saviat! 10% f , 

: OV . 

|__ SETTLING | —>! |= RISE TIME 

j~— TIME —™ sie ; ae 

NOTE: Measured on both positive and negative transitions from OV 

to +200mV and OV to -200mV at the output. 
FIGURE 1. SLEW RATE AND SETTLING TIME FIGURE 2. TRANSIENT RESPONSE 


1pF 


OUTPUT 


100pF 


v- 0.001nbF = 
20012 


4999.9 
, SETTLING TIME 
TEST POINT 


CRo 


NOTES: 

13. Ay =-3. 

14. Feedback and summing resistor ratios should be 0.1% matched. 

15. Clipping diodes CR; and CRo are optional. HP5082-2810 
recommended. 


FIGURE 3. SLEW RATE AND TRANSIENT RESPONSE FIGURE 4. SETTLING TIME TEST CIRCUIT 
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Test Circuits and Waveforms (continued) 


V+9 


© OUT 


NOTE: Tested offset adjustment range is [Vos + 1mVI minimum referred to output. Typical ranges are +20mV with Ry = 20kQ. 
FIGURE 5. SUGGESTED Vos ADJUSTMENT AND COMPENSATION HOOK-UP 


Schematic Diagram 
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Typical Application 
Inverting Unity Gain Circuit 


Figure 6 shows a Compensation Circuit for an inverting unity 
gain amplifier. The circuit was tested for functionality with sup- 
ply voltages from +4V to +15V, and the performance as tested 
was: Slew Rate = 120V/us; Bandwidth = 10MHz; and Settling 
Time (0.1%) = 500ns. Figure 7 illustrates the amplifier’s fre- 
quency response, and it is important to note that capacitance 
at pin 8 must be minimized for maximum bandwidth. 


10K 


OUT 
HA-2520 


FIGURE 6. INVERTING UNITY GAIN CIRCUIT 
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GAIN (dB) 
So 
So 

PHASE SHIFT (DEGREES) 


10K 100K 1M 10M 
FIGURE 7. FREQUENCY RESPONSE FOR INVERTING UNITY 
GAIN CIRCUIT 


Typical Performance Curves Vs = +15V, Ta = 25°C, Unless Otherwise Specified 


OFFSET VOLTAGE (mV) 


-60 100 120 
TEMPERATURE el 


FIGURE 8. OFFSET VOLTAGE vs TEMPERATURE (6 TYPICAL 
UNITS FROM 3 LOTS) 


OFFSET BIAS CURRENT (nA) 


60 -40 -20 0 20 40 60 80 
TEMPERATURE (°C) 
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FIGURE 10. OFFSET CURRENT vs TEMPERATURE (5 TYPICAL 
UNITS FROM 3 LOTS) 


BIAS CURRENT (nA) 
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TEMPERATURE (°C) 
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FIGURE 9. BIAS CURRENT vs TEMPERATURE (6 TYPICAL 
UNITS FROM 3 LOTS) 


Avot (kV/ V) 


| VR | | tt = 
Se 
[A | | | ft 2am 

AREER EEE ECE EE EEE EEE 


60 -40 -20 0 20 40 60 80 100 120 
TEMPERATURE (°C) 


FIGURE 11. OPEN LOOP GAIN vs TEMPERATURE (6 TYPICAL 
UNITS FROM 3 LOTS) 
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Typical Performance Curves vg = +15V, Ta = 25°C, Unless Otherwise Specified (Continued) 


OUTPUT CURRENT (+mA) 


SUPPLY VOLTAGE (+V) 


FIGURE 12. OUTPUT CURRENT vs SUPPLY VOLTAGE 
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FIGURE 14. SUPPLY CURRENT vs SUPPLY VOLTAGE 


SS 


NINAN 


-20 
100 1K 10K 100K 1M 10M 100M 


FREQUENCY (Hz) 


FIGURE 16. OPEN LOOP FREQUENCY RESPONSE FOR 
VARIOUS VALUES OF CAPACITORS FROM COMP 
PIN TO GROUND 
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FIGURE 13. OUTPUT VOLTAGE SWING vs SUPPLY VOLTAGE 
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FIGURE 15. FREQUENCY RESPONSE 
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FIGURE 17. INPUT NOISE CHARACTERISTICS 
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Typical Performance Curves Vz = +15V, Tg = 25°C, Unless Otherwise Specified (Continued) 


OUTPUT VOLTAGE SWING (Vp.p) 
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FIGURE 18. OUTPUT VOLTAGE SWING vs FREQUENCY 
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FIGURE 19. NORMALIZED AC PARAMETERS vs SUPPLY 
VOLTAGE 
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Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 

67 mils x 57 mils x 19 mils Type: Nitride (SigN4) over Silox (SiOo, 5% Phos.) 

(1700um x 1440um x 483um) Silox Thickness: 12kA +2 

Nitride Thickness: 3.5kA +1.5kA 

METALLIZATION: 

Type: Al, 1% Cu TRANSISTOR COUNT: 

Thickness: 16kA +2kA 40 
SUBSTRATE POTENTIAL: PROCESS: 

Unbiased Bipolar Dielectric Isolation 


Metallization Mask Layout 
HA-2520, HA-2522, HA-2525 


COMP V+ OUT BAL 


OPERATIONAL 
AMPLIFIERS 


BAL -IN +IN V- 
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Features 


© High Slew Rale.s2.cccscceseressscsveawer 150V/us 
* Fast SQMUNG «i cccsvexees cccversneesasacwss 200ns 
e Full Power Bandwidth .................00005 2MHz 
e Gain Bandwidth (Ay > 3).........0+2 eee eee 20MHz 
¢ High Input Impedance.................00 130MQ 
¢ Low Offset Current ............. 0c cece eee eee 5nA 
e High Output Current ...............202 eee: +30mA 
Applications 


¢ Data Acquisition Systems 
e¢ RF Amplifiers 
e Video Amplifiers 


e Signal Generators 
¢ Pulse Amplification 


Ordering Information 


[PManano) [mance c)| packace | No. 
(BRAND) RANGE (°C) 


HA9P2529-5 0to75 |8LdSOIC M8.15 
(H25295) 


Pinouts 


HA-2529 
(PDIP, CERDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 


HA-2529 


". 20MHz, High Input Impedance, 
High Slew Rate Operational Amplifier 


Description 


The HA-2529 is a monolithic operational amplifier which 
typifies excellence of design. With a design based on years of 
experience coupled with the reliable dielectric isolation 
process, this amplifier provides an outstanding combination of 
DC and AC parameters at closed loop gains greater than 3. 


The HA-2529 offers 150V/us slew rate and fast settling time 
(200ns), while consuming a mere 6mA of quiescent current, 
making this amplifier ideal for video circuitry and data 
acquisition designs. With 20MHz gain bandwidth combined 
with 7.5kV/V open loop gain, the HA-2529 is an ideal 
component for demanding signal conditioning designs. This 
device provides +30mA output current drive with an output 
voltage swing of +10V making it suited for pulse amplifier 
and RF amplifier components. 


The HA-2529 will upgrade output current, slew rate, offset 
voltage drift and offset current drift in systems presently 
using the HA-2520/22/25 or EHA-2520/22/25. 


MIL-STD-883 product and data sheets are available upon 
request. 


HA-2529 
(METAL CAN) 
TOP VIEW 


File Number 2895.2 
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Dw Ane HA-2539 


600MHz, Very High Slew Rate 
November 1996 Operational Amplifier 


Features Description 


e Very High Slew Rate The Harris HA-2539 represents the ultimate in high slew 
rate, wideband, monolithic operational amplifiers. It has been 

Open Loop Gain designed and constructed with the Harris High Frequency 
Wide Gain-Bandwidth (Ay > 10) 600MHz~ Bipolar Dielectric Isolation process and features dynamic 


parameters never before available from a truly differential 
Power Bandwidth. ..........00eeceeeeeenes 9.5MHz device. 


Low Offset Voltage With a 600V/us slew rate and a 600MHz gain bandwidth 
product, the HA-2539 is ideally suited for use in video and 
RF amplifier designs, in closed loop gains of 10 or greater. 
Output Voltage Swing .........ccceenenneces +10V_ Full +10V swing coupled with outstanding AC parameters 
and complemented by high open loop gain makes the 
devices useful in high speed data acquisition systems. 


input Voltage Noise 


Monolithic Bipolar Dielectric Construction 


Applications For further design assistance please refer to Application Note 

; ase AN541 (Using the HA-2539 Very High Slew Rate Wideband 
* Pulse and Video Amplifiers Operational Amplifiers) and Application Note AN556 (Thermal 
Safe-Operating-Areas For High Current Operational Amplifiers. 


¢ Wideband Amplifiers 
For military grade product information, the HA-2539/883 data 


¢ High Speed Sample-Hold Circuits 
‘oie eect aan sheet is available upon request. 


¢ RF Oscillators 


OPERATIONAL 
AMPLIFIERS 


Ordering Information For a lower power version of this product, please 


TEMP. 
PART NUMBER | RANGE (°C) PACKAGE 


see the HA-2839 and HA-2840 data sheets. 


HA1-2539-2 -55to125 | 14LdCERDIP | F14.3 
HA1-2539-5 14Ld CERDIP | F14.3 


Pinout 
HA-2539 
(PDIP, CERDIP, SOIC) 
TOP VIEW 


NOTE: No-Connection (NC) leads may be tied to a ground plane 
for better isolation and heat dissipation. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2896.2 
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HA-2539 


Absolute Maximum Ratings 


Supply Voltage Between V+ and V- Terminals.............. 35V 
Dirteranitial input VONBOS. .. cise cs uecsceeswecswecisesiaes 6V 
Peak Ouisut Curent «ses scescavsdariaxigencwenseware 50mA 
Continuous Output Current... 22.226. ciaccecevecevas 33MARms 


Operating Conditions 


Temperature Range 


el Se ee ee ee ee ee ee -55°C to 125°C 
HA-2ESS/2SS9G Sc eccensunvevnrtaxesnerces 0°C to 75°C 
poo ee ee ee ee Sr -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 2) Oya (CCIW) = Bjc (CCW) 
5 


GERDIP PECKSOG oc0.ceds can ae wns 7 20 
PDIP PACKBOG . «6. cuvsuneesworvws 107 N/A 
DOIG PACKAGE sasiscntnenieccnaws 119 N/A 
Maximum Internal Quiescent Power Dissipation (Note 1) 
Maximum Junction Temperature (Ceramic Package) ....... 175°C 
Maximum Junction Temperature (Plastic Packages)........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Maximum power dissipation with load conditions must be designed to maintain the maximum junction temperature below 175°C for the 
ceramic package and below 150°C for the plastic packages. By using Application Note AN556 on Safe Operating Area equations, along 
with the thermal resistances, proper load conditions can be determined. Heat sinking is recommended above 75°C. 


2. Oj, is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications = Vsyppiy = +15V, Ry = 1kQ, C, < 10pF, Unless Otherwise Specified 


INPUT CHARACTERISTICS 
Offset Voltage 


Average Offset Voltage Drift 


Bias Current 


Offset Current 


TN 
EE 


Input Resistance 
p Full 


Common Mode Range Full +10.0 


Lato 
a 
es 
a 
ial 
| | #10.0 | 
Input Current Noise 2 
(f = 1kHz, RsourCceE = 02) = a 
| 10 
<= 
| 10 | 
oe 


Input Capacitance 


25 
s 
5 


Input Voltage Noise 25 
(f= 1kKHz, Rsource = 92) 
TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain 
(Note 3) 


ee 


13 
20 
5 
1 
10 
1 
15 
72 


Common Mode Rejection Ratio 
(Note 4) 


Minimum Stable Gain 


25 
E 
5 
5 
5 
5 


Gain Bandwidth (Notes 5, 6) 
OUTPUT CHARACTERISTICS 

Output Voltage Swing Full +10.0 
(Notes 3, 10) 


a ee 
2 


ae ee 


Output Current (Note 3) 
Output Resistance 


Full Power Bandwidth 
(Notes 3, 7) 
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Electrical Specifications Vs yppyy = +15V, R, = 1kQ2, C, < 10pF, Unless Otherwise Specified (Continued) 


TRANSIENT RESPONSE (Note 8 


PTRANGIRST RESPONSE (Netg@) 
i es 2 oe ee ce Sa ee Eee ee Ee 
pis | - | - | | - | 

| 600 | - | ss0 | coo | - | vas 
jiso | - [| - | ao] - | 


Overshoot 


Ld! 
Power Supply Rejection Ratio 


(Note 9) 


3. Ry = 1kQ, Vo = +10V. 


. Refer to Test Circuits section of data sheet. 
; VsuUPPLY = +5V, -15V and +15V, -5V. 
. Guaranteed range for output voltage is +10V. Functional operation outside of this range is not guaranteed. 


4. Vom = +10.0V. 

5. Vo = 90mV. 

6. Ay = 10. 

7. Full Power Bandwidth guaranteed based on slew rate measurement using: FPBW = mew Rate 
"PEAK 

8 

9 

0 


Test Circuits and Waveforms 


IN 
OUT 
9000 NOTES: 
11. Vg = +15V. 
1002 12. Ay = +10. 
=—— 13. C, < 10pF. 


FIGURE 1. TEST CIRCUIT 


Y 
a 
+ 4 
3 ; 
¢ 
oA 
+ 


net atnbeaeroewacpapegsratat ting 


ae 
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Vertical Scale: A = 0.5V/Div., B = 5.0V/Div. Vertical Scale: Input = 10mV/Div., Output = 50mV/Div. 
Horizontal Seale: SOns'Div, Horizontal Scale: 20ns/Div. 
FIGURE 2. LARGE SIGNAL RESPONSE FIGURE 3. SMALL SIGNAL RESPONSE 
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AMPLIFIERS 


HA-2539 
Test Circuits and Waveforms (continued) 


ial NOTES: 


ca 14. Ay =-10. 
= 15. Load Capacitance should be less than 10pF. 
LF ~ 


OUTPUT 


V+ o6 


INPUT © 16. Itis recommended that resistors be carbon composition and that 


feedback and summing network ratios be matched to 0.1%. 


0.001 F 


eile a 17. SETTLE POINT (Summing Node) capacitance should be less 
MONITOR than 10pF. For optimum settling time results, it is recommended 


that the test circuit be constructed directly onto the device pins. 
A Tektronix 568 Sampling Oscilloscope with S-3A sampling 


heads is recommended as a settle point monitor. 
SETTLE 


POINT 


FIGURE 4. SETTLING TIME CIRCUIT 


Schematic Diagram 


R2 Qp28 


Ra 
Qp¢ 


R22 


+INPUT ¢ 
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> OUTPUT 
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Typical Applications 


20 - 100pF 


2002 


FIGURE 5. FREQUENCY COMPENSATION BY OVERDAMPING FIGURE 6. STABILIZATION USING Z),, 


Rg 1kQ Rg 10kQ 


10kQ 
3900pF 


OPERATIONAL 
AMPLIFIERS 


FIGURE 7. REDUCING DC ERRORS; COMPOSITE AMPLIFIER FIGURE 8. DIFFERENTIAL GAIN ERROR (3%) HA-2539 20dB 
VIDEO GAIN BLOCK 


Typical Performance Curves 


Biill| Flapumee = 00? Ve eH1SV 
xi = “a 
= wi =) = 
z Oo 
ui < E: \ \ & 
a a > - 
5 o = Wh Gi 
> 
rs) ~ w ‘aN va 
” 1) va 
< a < 4 \ =" 
B * a NY i: 
= re) > i Y 
a Te) Ww (e; 
z > ” z 
= (e) 
z 
- 10 f 100 1K 10K 100K 
TEMPERATURE (°C) FREQUENCY (Hz) 


FIGURE 9. INPUT OFFSET VOLTAGE AND BIAS CURRENT vs FIGURE 10. INPUT NOISE VOLTAGE AND NOISE CURRENT vs 
TEMPERATURE FREQUENCY 
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Typical Performance Curves (Continued) 


PSRR (dB) 


Vertical Scale: 10mV/Div. 
Horizontal Scale: 50ms/Div. 


FIGURE 11. BROADBAND NOISE (0.1Hz TO 1MHz) 


1M 


100K 
FREQUENCY (Hz) 


10K 


FIGURE 13. POWER SUPPLY REJECTION RATIO vs 


CLOSED LOOP GAIN (dB) 


FREQUENCY 
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FIGURE 15. CLOSED LOOP FREQUENCY RESPONSE 
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FIGURE 12. COMMON MODE REJECTION RATIO vs 


100 


GAIN (dB) 


OUTPUT VOLTAGE (Vp.p) 
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FREQUENCY 


(rt i ii 
|e J bh | 


100 10K 100K 1M 10M 100M 
FREQUENCY (Hz) 


FIGURE 14. OPEN LOOP GAIN/PHASE vs FREQUENCY 
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FIGURE 16. OUTPUT VOLTAGE SWING vs FREQUENCY 


10M 


HA-2539 


Typical Performance Curves (continued) 


Io0S2 LY SAN TVA OL GSedn4534 
SYSLANVYVd GAZITVWINYON 


(4°4A) DNIMS ADVIIOA LNGLNO 


TEMPERATURE (°C) 
FIGURE 18. NORMALIZED AC PARAMETERS vs TEMPERATURE 


RESISTANCE (22) 
FIGURE 17. OUTPUT VOLTAGE SWING vs LOAD RESISTANCE 
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TEMPERATURE (°C) 
FIGURE 20. POWER SUPPLY CURRENT vs TEMPERATURE 


SETTLING TIME (ns) 


FIGURE 19. SETTLING TIME FOR VARIOUS OUTPUT STEP 
VOLTAGES 
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Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered Up): 
62 mils x 76 mils x 19 mils V- 
1575ym x 1930um x 483um TRANSISTOR COUNT: 
METALLIZATION: - 


Type: Al, 1% Cu 
Thickness: 16kA +2kA 


PASSIVATION: 


Type: Nitride (SigN4) over Silox (SiO2, 5% Phos.) 
Silox Thickness: 12kA +2 
Nitride Thickness: 3.5kA +1 5kA 


PROCESS: 


Bipolar Dielectric Isolation 


Metallization Mask Layout 


HA-2539 
V+ OUTPUT V- 
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SEMICONDUCTOR 


tt 


November 1996 


Features 

Very High Slew Rate 

Fast Settling Time 

Wide Gain Bandwidth (Ay > 10) 

Power Bandwidth 

Low Offset Voltage 

Input Voltage Noise 

Output Voltage Swing .............. eee eeees +10V 
e Monolithic Bipolar Construction 


Applications 

e Pulse and Video Amplifiers 

¢ Wideband Amplifiers 

¢ High Speed Sample-Hold Circuits 
e Fast, Precise D/A Converters 


Ordering Information 
le [atti] wes [ms 
NUMBER _ | RANGE (°C) 


HA3-2540-5 


0 to 75 14 Ld PDIP E14.3 
HA3-2540C-5 0 to 75 14 Ld PDIP E14.3 


HA9P2540-5 


0 to 75 14 Ld SOIC M14.15 


Pinout 


HA-2540 


400MHz, Fast Settling 
Operational Amplifier 


Description 


The Harris HA-2540 is a wideband, very high slew rate, 
monolithic operational amplifier featuring superior speed and 
bandwidth characteristics. Bipolar construction coupled with 
dielectric isolation allows this truly differential device to 
deliver outstanding performance in circuits where closed 
loop gain is 10 or greater. Additionally, the HA-2540 has a 
drive capability of +10V into a 1kQ load. Other desirable 
characteristics include low input voltage noise, low offset 
voltage, and fast settling time. 


A 400V/us slew rate ensures high performance in video and 
pulse amplification circuits, while the 400MHz gain-band- 
width product is ideally suited for wideband signal amplifica- 
tion. A settling time of 140ns also makes the HA-2540 an 
excellent selection for high speed Data Acquisition Systems. 


Refer to Application Note AN541 and Application Note 
AN556 for more information on High Speed Op Amp applica- 
tions. HA-2540/883 MIL-STD-883 data sheet is available on 
request. 


For a lower power version of this product, please see 
the HA-2840 and HA-2850 datasheets. 


HA-2540 
(CERDIP, PDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 
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HA-2540 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals.................04. 35V 
Differential Input Voltage... 1.2... 0... ee 6V 
Oot CUNEM 2. cccesaiaewas 33mMARms Continuous, 50MApeaK 


Operating Conditions 


Temperature Range 


PIPPetOres ca occa tose ee cant agenee nda ess -55°C to 125°C 
FA-2540/(2540CS... nce c ccnp nen enw esga beim es 0°C to 75°C 
Bg ee UC ee: ee ae -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 2) Oya (CCIW) 85 (CC/W) 
CERDIP Package ...ccsccassaaein 75 20 
POP PAGGRS .scsavcses cena ines 107 N/A 
SOIC PACKAGE. . ccc aatareacuness 119 N/A 

Maximum Internal Power Dissipation (Note 1) 

Maximum Junction Temperature (Ceramic Package)....... 175°C 

Maximum Junction Temperature (Plastic Packages)........ 150°C 

Maximum Storage Temperature Range ......... -65°C to 150°C 

Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Maximum power dissipation with load conditions must be designed to maintain the maximum junction temperature below 175°C for the 
ceramic package, and below 150°C for the plastic package. By using Application Note AN556 on Safe Operating Area Equations, along 
with the thermal resistances, proper load conditions can be determined. Heat sinking is recommended above 75°C. 


2. 8), is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications = Vsypp,y = +15V, Ry = 1kQ, C, < 10pF, Unless Otherwise Specified 


TEMP 


PARAMETER (°C) 


INPUT CHARACTERISTICS 


Offset Voltage 


B 
oi 


Average Offset Voltage Drift 


Bias Current 


Offset Current 


B 
on 


Input Resistance 
Input Capacitance 


Common Mode Range 
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Input Noise Current 
(f = 1kHz, Rsource = 02) 


Input Noise Voltage 
(f = 1kHz, Rsource = 0Q) 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 3) 


—_ 
on 


—s —_ 


BAN 
oO 
i=) 


Gain Bandwidth Product (Notes 5, 6) 

OUTPUT CHARACTERISTICS 

Output Voltage Swing (Notes 3, 10) 

Output Current (Note 3) 

Output Resistance 
Full Power Bandwidth (Notes 3, 7) 
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Electrical Specifications Voyppyy = 15V, R, = 1kQ, C, < 10pF, Unless Otherwise Specified (Continued) 


a ee 
PARAMETER Doan [ave [wax pam [ove [wax [ wn [ove [wax] uns 


TRANSIENT RESPONSE (Note 8) 


Settling Time: 10V Step to 0.1% 


POWER REQUIREMENTS 


. Refer to Test Circuits section of the data sheet. 
: VsupPPLy = +5V, -15V and +15V, -5V. 
. Guaranteed range for output voltage is +10V. Functional operation outside of this range is not guaranteed. 


3, Ry, = 1kQ, Vo = +10V. 
4. Vom = +10V. 
5. Vo = 90MV. 
6. Ay = 10. 

, on Slew Rate 
7. Full power bandwidth guaranteed based on slew rate measurement using: FPBW = = a, 
3 ™\ PEAK 
9 
0 


—_ 


Test Circuits and Waveforms 


Vin 


OPERATIONAL 
AMPLIFIERS 


Vout 
900 
NOTES: 
12. C, < 10pF. 


FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 


Vertical Scale: A = 0.5V/Div., B = 5.0V/Div. Vertical Scale: Input = 10mV/Div.; Output = 50mV/Div. 
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
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Test Circuits and Waveforms (continued) 


0.001F 


an 


0.001,F 


V+ © 


OUTPUT 


PROBE 
MONITOR 


SETTLE 
POINT 


NOTES: 


13. 
14. 


15. 


16. 


Ay = -10. 
Load Capacitance should be less than 10pF. Turn on time delay 
typically 4ns. 


It is recommended that resistors be carbon composition and the 
feedback and summing network ratios be matched to 0.1%. 


SETTLE POINT (Summing Node) capacitance should be less 
than 10pF. For optimum settling time results, it is recommended 
that the test circuit be constructed directly onto the device pins. A 
Tektronix 568 Sampling Oscilloscope with S-3A sampling heads is 
recommended as a settle point monitor. 


FIGURE 2. SETTLING TIME TEST CIRCUIT 


Schematic Diagram 
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Typical Applications 


V+ 


C, (NOTE 18) 


SIGNAL 
OUT 


Rs 
(NOTE 19) 


= NOTES: 
NOTE: With one HA-2540 and two low capacitance 17. Used for experimental purposes. Cr = 3pF. 
switching diodes, signals exceeding 10MHz can be 18. C, is optional (0.001pnF — 0.01pF ceramic). 
separated. This circuit is most useful for full wave 19. Re is optional and can be utilized to reduce input signal 
rectification, AM detectors or sync generation. amplitude and/or balance input conditions. Rs = 5002 to 1kQ. 
FIGURE 3. WIDEBAND SIGNAL SPLITTER FIGURE 4. BOOTSTRAPPING FOR MORE OUTPUT CURRENT 


AND VOLTAGE SWING 
Refer to Application Note AN541 For Further Application Information. 
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HA-2540 


Typical Performance Curves 
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FIGURE 5. CLOSED LOOP FREQUENCY RESPONSE FIGURE 6. OUTPUT VOLTAGE SWING vs FREQUENCY 


NORMALIZED PARAMETERS REFERRED TO 
VALUES AT 25°C 


OUTPUT VOLTAGE SWING (Vp.p) 


RESISTANCE (Q) TEMPERATURE (°C) 


FIGURE 7. OUTPUT VOLTAGE SWING vs LOAD RESISTANCE FIGURE 8. NORMALIZED AC PARAMETERS vs TEMPERATURE 


OUTPUT VOLTAGE STEP (V) 
SUPPLY CURRENT (mA) 


SETTLING TIME (ns) TEMPERATURE (°C) 


FIGURE 9. SETTLING TIME FOR VARIOUS OUTPUT STEP FIGURE 10. POWER SUPPLY CURRENT vs TEMPERATURE 
VOLTAGES 
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Typical Performance Curves (continued) 


NOISE CURRENT (pA/VHz) 


NOISE VOLTAGE (nV/VHz) 
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BIAS CURRENT 


INPUT BIAS CURRENT (A) 
IViol OFFSET VOLTAGE (mV) 


FIGURE 11. INPUT OFFSET VOLTAGE AND BIAS CURRENT vs FIGURE 12. INPUT NOISE VOLTAGE AND NOISE CURRENT vs 
TEMPERATURE FREQUENCY 
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FIGURE 13. BROADBAND NOISE (0.1Hz TO 1MHz) FIGURE 14. COMMON MODE REJECTION RATIO vs FREQUENCY 
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Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered Up): 
62 mils x 76 mils x 19 mils V- 
Weta Re Tee en eee TRANSISTOR COUNT: 
METALLIZATION: a 
Type: Al, 1% Cu ; 
Thickness: 16kA +2kA FBELESS: 


PASSIVATION: Bipolar Dielectric lsolation 


Type: Nitride (SigN,4) over Silox (SiOz, 5% Phos.) 
Silox Thickness: 12kA +2 
Nitride Thickness: 3.5kA +1.5kA 


Metallization Mask Layout 
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HA-2541 


40MHz, Fast Settling, 
November 1996 Unity Gain Stable, Operational Amplifier 


aD 


Features Description 


Unity Gain Bandwidth The HA-2541 is the first unity gain stable monolithic 
operational amplifier to achieve 40MHz unity gain band- 
High Slew Rate 250V/US width. A major addition to the Harris series of high speed, 
LOW ONSGGt VONAGE. is ccs cence nan sivawens 0.gmvy Wideband op amps, the HA-2541 is designed for video and 
pulse applications requiring stable amplifier response at low 
Fast Settling Time (0.1%) closed loop gains. 


Power Bandwidth The uniqueness of the HA-2541 is that its slew rate and band- 

, , width characteristics are specified at unity gain. Historically, 
STP VOERS IG WAIN, csr arcanenesapaae TOY Hint slow rate, wide bantiwidllt and uniiy gant stabiliy have 
Unity Gain Stability been incompatible features for a monolithic operational ampli- 
fier. But features such as 250V/us slew rate and 40MHz unity 
gain bandwidth clearly show that this is not the case for the 
: F HA-2541. These features, along with 90ns settling time to 
Applications 0.1%, make this product an excellent choice for high speed 
data acquisition systems. 


Monolithic Bipolar Dielectric Isolation Construction 


e Pulse and Video Amplifiers 


_! 
qn” 
P a MIL-STD-883 product and data sheets are available upon za 

lif 

ial an request, Harris AnswerFAX (407-724-7800) document Oo 2 
High Speed Sample-Hold Circuits #3698. > J 
ca 
Fast, Precise D/A Converters For further application suggestions on the HA-2541, please 7 = 
refer to Application Note AN550 (Using the HA-2541), and re) < 


HIgh Spees. 200 IapUE ures Application Note AN556 (Thermal Safe Operating Areas for 


High Current Operational Amplifiers), Harris AnswerFAX 


For a lower power version of this product, please see | (407-724-7800) document #9550 and 9556. Also see ‘Appli- 
the HA-2841 data sheet. cations’ in this data sheet. 


Ordering Information 


PART TEMP. 
NUMBER | RANGE (°C) PACKAGE 


HA1-2541-2 -55 to 125 14 Ld CERDIP F14.3 


HA1-2541-5 0 to 75 14 Ld CERDIP F14.3 
HA2-2541-2 -55 to 125 12 Pin Metal Can | T12.C 
HA2-2541-5 0 to 75 12 Pin Metal Can | T12.C 


Pinouts 
HA1-2541 HA2-2541 
(CERDIP) (METAL CAN) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2898.2 
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Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals.................--.. 35V 
Ditetanival (APUr VONAGE. ..02chvesdiescdense ems e deems ewe 6V 
Pedk OUtpul Gen. ocd00s0 weiawesauwdGcvenesucwrees 50mA 
Continuous Output Cunenl... <cicesacctcexriaeenass 28mMARms 


Operating Conditions 


Temperature Range 
PURE, 4 Geks chim hoe Sth wes FEDS KERR ES -55°C to 125°C 
Pe Oys ec hee nie veined el eh are one ek iaww es 0°C to 75°C 


Thermal Information 


Thermal Resistance (Typical, Note 2) B50 (°C/W) @ yo (°C/W) 
CEADIP PAGKAOG «veces eee senavee 75 20 
Can PACKAO6. «i 66s cescedeswwenes 65 34 

Maximum Junction Temperature (Note 1)................ 175°C 

Maximum Storage Temperature Range ......... -65°C to 150°C 

Maximum Lead Temperature (Soldering 10s)............. 300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification 1s not implied. 


NOTES: 


1. Maximum power dissipation with load conditions must be designed to maintain the maximum junction temperature below 175°C. By using 
Application Note AN556 on Safe Operating Area equations, along with the thermal resistances, proper load conditions can be deter- 


mined. Heat sinking is recommended above 75°C. 


2. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications = Vsypp,y = +15V, Ry = 1kQ, C, < 10pF, Unless Otherwise Specified 


TEST 
CONDITIONS 


PARAMETER 
INPUT CHARACTERISTICS 
Offset Voltage 25 
Full 
25 
Full 
Full 
25 
2 
2 


Average Offset Voltage Drift 


Bias Current 


Average Bias Current Drift 
Offset Current 
Full 


Z 


Input Resistance 5 
Input Capacitance 5 


f=1kHz,Rg=0Q] 25 
f=1kHz,Rg=0Q] 25 


Vo = +10V 25 
Full 
Vom =at1OV 


R, = 1kQ 


Common Mode Range 


Input Noise Voltage 


Input Noise Current 
TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain 


Common Mode Rejection Ratio 
Minimum Stable Gain 
Unity Gain Bandwidth 
OUTPUT CHARACTERISTICS 
Output Voltage Swing 


< 
@) 
ie) 
>) 
= 
< 


s) 
5 
Full 
) 
S) 
5 
s) 


DD 
Z 

l 

x 

~ 


Output Current 
Output Resistance 
Full Power Bandwidth (Note 3) 


Differential Gain 


Vp = 10V 
2 


2 
2 
2 
2 
2 
2 


z= 
fe) 
= 
i4) 
BN 


Differential Phase 


TEMP 
(°C) 


_ MIN |_TeP | MAE | eatin vee 


A 
~ 


Full +10 


ail 
oO 


Full 70 


+ 
— —sS —_ 
oO}; Oo 
b walt ond 
uo — 


(=) 
ine) 


HA-2541-2 
-55°C to 125°C 


HA-2541-5 
0°C to 75°C 
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& = oo fel eee ee le = < 
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Electrical Specifications Voypp,y = +15V, R, = 1kQ, C, < 10pF, Unless Otherwise Specified (Continued) 


HA-2541-2 HA-2541-5 
_fEO ) fe) re) 
_— 55°C to 125°C 0°C to 75°C 
PARAMETER CONDITIONS | MIN 


TRANSIENT RESPONSE (Note 5) 
Rise Time 


Overshoot 


- 
oO 


Slew Rate 00 


200 


Settling Time 


oak 
MN 


ie) 
on be 
on oO 


POWER REQUIREMENTS 
Supply Current 


N 
oO 


aay 
ie) 


~N 
oO 


Power Supply Rejection Ratio 


NOTES: 
3. Full Power Bandwidth guaranteed based on slew rate measurement using: FPBW = paow ate , 
4. Differential Gain and Phase are measured with a 1V differential voltage at 5MHz. PEAK 
5. Refer to Test Circuits section of this data sheet. z ”) 
6. f = 10kHz; Ay = 5; Vo = 14Vp.p 5 wi 
— 
Test Circuits and Waveforms <4 
us 
SETTLING Og 
~ POINT oO 
ViN NOTES: 
Vout 
7. Vg = +15V. 
7 8. Ay = +1. 
=" 9. C, < 10pF. Vin © 
NOTES: = 
10. Ay =-1. 
11. Feedback and summing resistor ratios should be 0.1% matched. 
12. HP5082-2810 clipping diodes recommended. 
13. Tektronix P6201 FET probe used at settling point. 
FIGURE 1. TRANSIENT RESPONSE TEST CIRCUIT FIGURE 2. SETTLING TIME TEST CIRCUIT 


= OV 


i 14 dey puch ap pafe f-aerbend a Peed i : S eS celapent ooeebienties 
" pestle eh VouT eae Ss UL HORE Bits bin dave a 
Rc pee fest AY ae ie ts o ; 

Be “ee Bea 7 sa | 


Vertical Scale: 5V/Div. Vertical Scale: Vix = 100mV/Div., Voyt = 50mV/Div. 
Horizontal Scale: 50ns/Div. Horizontal Scale: 20ns/Div. 
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
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Test Circuits and Waveforms (continued) 


NOTES: 
14. Vg =+15V, R, = 1kQ. 
15. Ty = 25°C. 


16. Propagation delay variance is 
negligible over full temperature range. 


Vertical Scale: 100mV/Div. 
Horizontal Scale: 5ns/Div. 


PROPAGATION DELAY 


Schematic Diagram 


BALANCE 


Qp; 5 ic ee gs Seige y 


BALANCE 


0 V+ 


On} 
Qnae 
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Typical Applications (Also see Application Note AN550) 


Application 1 


High power amplifiers and buffers are in use in a wide variety 
of applications. Many times the “high power’ capability is 
needed to drive large capacitive loads as well as low value 
resistive loads. In both cases the final driver stage is usually a 
power transistor of some type, but because of their inherently 
low gain, several stages of pre-drivers are often required. The 
HA-2541, with its 10mA output rating, is powerful enough to 
drive a power transistor without additional stages of current 
amplification. This capability is well demonstrated with the 
high power buffer circuit in Figure 3. 


The HA-2541 acts as the pre-driver to the output power 
transistor. Together, they form a unity gain buffer with the 
ability to drive three 50Q coaxial cables in parallel, each with 
a capacitance of 2000pF. The total combined load is 16.6Q 
and 6000pF capacitance. 


532pF 


2N5886 


R2 
Rg HP2835 


100 


LOAD 16.62; 6000pF 
OR 12.50; 6000pF 


FIGURE 3. DRIVING POWER TRANSISTORS TO GAIN 
ADDITIONAL CURRENT BOOSTING 


Suggested Offset Voltage Adjustment 


Application 2 
Video 


One of the primary uses of the HA-2541 is in the area of 
video applications. These applications include signal 
construction, synchronization addition and removal, as well 
as signal modification. A wide bandwidth device such as the 
HA-2541 is well suited for use in this class of amplifier. This, 
however, is a more involved group of applications than 
ordinary amplifier applications since video signals contain 
precise DC levels which must be retained. 


The addition of a clamping circuit restores DC levels at the 
output of an amplifier stage. The circuit shown in Figure 4 
utilizes the HA-5320 sample and hold amplifier as the DC 
clamp. Also shown is a 3.57MHz trap in series, which will 
block the color burst portion of the video signal and allow the 
DC level to be amplified and restored. 


FIGURE 4. VIDEO DC RESTORER 


OPERATIONAL 
AMPLIFIERS 


NOTE: Tested Offset Adjustment Range is IVog + 1mvVI 
minimum referred to output. Typical range is +15mvV for 
Ry = 5kQ. 
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Typical Performance Curves 


100K 0 a 
a Severe me severe ea ze = 
at on 
2 10K ty 
< $552: SSE SS SSSSHE 
72) aaa) ieee a el 
ra rn 
tc LIT mt 
I= SS 55533 Sees: 
= Cott a 
z PS 
i} | | 


10 
100K 1M 10M 100M 
FREQUENCY (Hz) 


FIGURE 5. INPUT RESISTANCE vs FREQUENCY 
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FIGURE 7. NOISE DENSITY vs FREQUENCY 
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FIGURE 9. OUTPUT VOLTAGE SWING vs SUPPLY VOLTAGE 


INPUT NOISE CURRENT (pA/VHz) 
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FIGURE 6. OFFSET VOLTAGE vs TEMPERATURE 
(6 REPRESENTATIVE UNITS) 
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FIGURE 8. BIAS CURRENT vs TEMPERATURE 
(6 REPRESENTATIVE UNITS) 
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FIGURE 10. OUTPUT CURRENT vs SUPPLY VOLTAGE 


HA-2541 


Typical Performance Curves (continued) 


SUPPLY CURRENT (mA) 


5 7 9 11 1 
SUPPLY VOLTAGE (+V) 


FIGURE 11. SUPPLY CURRENT vs SUPPLY VOLTAGE 


PSRR (dB) 


SUPPLY VOLTAGE (+V) 
FIGURE 13. PSRR vs SUPPLY VOLTAGE (AVERAGE OF 3 LOTS) 
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FIGURE 15. REJECTION RATIOS vs FREQUENCY 


NORMALIZED SLEW RATE 
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FIGURE 12. SLEW RATE vs SUPPLY VOLTAGE 
(NORMALIZED WITH Vg = +15V AT 25°C) 
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SUPPLY VOLTAGE (+V) 
FIGURE 14. CMRR vs SUPPLY VOLTAGE (AVERAGE OF 3 LOTS) 


+Ayo. AT Ta > 25°C 


Avo (kV/V) 


SUPPLY VOLTAGE (+V) 


FIGURE 16. OPEN LOOP GAIN vs SUPPLY VOLTAGE 
(AVERAGE OF 3 LOTS) 
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HA-2541 


Typical Performance Curves (Continued) 


GAIN (dB) 


PHASE (DEGREES) 


10 100 1K 10K 100K 1M 10M 100M 
FREQUENCY (Hz) 


OPEN LOOP mmm = 6Ay=-100 "#@@ Ay=-10 sunt Ay=-1 77. 


FIGURE 17. GAIN AND PHASE FREQUENCY RESPONSE 


Vs = +8V, Ay = +1 
R, = 2kQ, C, < 10pF 


GAIN (dB) 


PHASE (DEGREES) 


1K 10K 100K 1M 10M 100M 
FREQUENCY (Hz) 
Rs = 0Q _€ Rg =5kQ 7 7 Rg = 50kQ aa 


FIGURE 18. SMALL SIGNAL BANDWIDTH vs SOURCE 
RESISTANCE 
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FIGURE 19. CLOSED LOOP FREQUENCY RESPONSE 
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Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered Up): 
80 mils x 90 mils x 19 mils V- 
SUEw ND 6 Seek p ne Seah TRANSISTOR COUNT: 
METALLIZATION: nm 
Type: Al, 1% Cu PROCESS: 


Thickness: 16kA +2kA 


PASSIVATION: Bipolar Dielectric Isolation 


Type: Nitride(SigN,4) over Silox (SiO, 5% Phos.) 
Silox Thickness: 12kA +2 
Nitride Thickness: 3.5kA | 5kA 


Metallization Mask Layout 


HA-2541 


BAL 


BAL 


OUTPUT V+ 
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w HARRIS HA-2542 


70MHz, High Slew Rate, High Output 
November 1996 Current Operational Amplifier 


Features Description 


¢ Stable at Gains of 2 or Greater The HA-2542 is a wideband, high slew rate, monolithic 
© Gain Bandwidth operational amplifier featuring an outstanding combination of 


speed, bandwidth, and output drive capability. 
Fgh Siew Male sila lara Utilizing the advantages of the Harris D.I|. technology this 
High Output Current 100mA (Min) amplifier offers 350V/us slew rate, 7OMHz gain bandwidth, 
; and +100mA output current. Application of this device is 
Power Bandwidth 5.5MHz (Typ) 


further enhanced through stable operation down to closed 
Output Voltage Swing ..............05- +10V (Min) loop gains of 2. 


Monolithic Bipolar Dielectric Isolation Construction For additional flexibility, offset null and _ frequency 
compensation controls are included in the HA-2542 pinout. 


Applications The capabilities of the HA-2542 are ideally suited for high 
speed coaxial cable driver circuits where low gain and high 
output drive requirements are necessary. With 5.5MHz full 
° Wideband Amplifiers power bandwidth, this amplifier is most suitable for high 
frequency signal conditioning circuits and pulse video 
amplifiers. Other applications utilizing the HA-2542 
Fast Sample-Hold Circuits advantages include wideband amplifiers and fast sample- 
hold circuits. 


e Pulse and Video Amplifiers 


Coaxial Cable Drivers 


High Frequency Signal Conditioning Circuits 


For more information on the HA-2542, please refer to 


Ordering Information Application Note AN552 (Using the HA-2542), or Application 
Note AN556 (Thermal Safe-Operating-Areas for High 


TEMP. Current Op Amps). 
PART NUMBER | RANGE (°C) 


0 to 75 A : resol arco tetas of this product, please see 


Pinouts 


HA-2542 HA-2542 
(PDIP, CERDIP) (METAL CAN) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2899 2 
Copyright © Harris Corporation 1996 3.099 


HA-2542 


Absolute Maximum Ratings Thermal Information 
Supply Voltage (Between V+ and V- Terminals)............. 35V Thermal Resistance (Typical, Note 2) Bya (°CC/W) 8yc (CCW) 
Differential Input Voltage... .. 0.2.0.0... eee ee eee 6V CERDIP PACKA0G «.ccaceakceeceas 75 20 
OUMUt CUNGI os 60 cceevinsxiws 50mA Continuous, 125mMApEaK PDIP PaCkAGG . 2 xccoxccsaxcwwn na 100 N/A 
Metal Can Package............... 65 34 
Operating Conditions Maximum Junction Temperature (Note 1, Hermetic Packages) . 175°C 
- — Maximum Junction Temperature (Plastic Package) ........ 150°C 
Weaee me setirien aanties Maximum Storage Temperature Range ......... -65°C to 150°C 
; ase aS hee ee eye MK SaaS eRe es ° Maximum Lead Temperature (Soldering 10s)............. P 
ny 0°C to 75°C - eae tiie 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 

1. Maximum power dissipation with load conditions must be designed to maintain the maximum junction temperature below 175°C for 
ceramic and can packages, and below 150°C for plastic packages. By using Application Note AN556 on Safe Operating Area equations, 
along with the thermal resistances, proper load conditions can be determined. Heatsinking will be required in many applications. See the 
“Application Information” section to determine if heat sinking is required for your application. 


2. 8ja is Measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +15V, Ry, = 1kQ, C, < 10pF, Unless Otherwise Specified 


TEST 


PARAMETER CONDITIONS UNITS z ”) 

INPUT CHARACTERISTICS | S ui 
Offset Voltage 5 | mv | E a 
: - 

5 < 


Average Offset Voltage Drift 


= 
< 


Bias Current 25 


Average Bias Current Drift Lo 


on 
oO 


Ww — 


Offset Current 


Input Resistance 2 


5 
Input Capacitance 25 


Common Mode Range 


Input Noise Voltage 0.1Hz to 100Hz 20 


Input Noise Density 


Input Noise Current Density f = 1kHz, Rg = 0Q 25 


TRANSFER CHARACTERISTICS 


ie) 


nil Nh as pe) = 


W 
fo) 


Large Signal Voltage Gain 


—_ 


~J —_ 


Common Mode Rejection Ratio 

Minimum Stable Gain 25 
Gain Bandwidth Product 2 

OUTPUT CHARACTERISTICS 


Output Voltage Swing 
Output Current (Note 3) 
Output Resistance 
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Electrical Specifications Vsyppyy = +15V, Ry = 1kQ, C, < 10pF, Unless Otherwise Specified (Continued) 


HA-2542-2 HA-2542-5 
-55°C to 125°C 0°C to 75°C 
TEMP. 
(°C) 


TYP | MAX | UNITS 
| 2 | 4 


TEST 
CONDITIONS 


PARAMETER 


Full Power Bandwidth (Note 4) VPEAK = 10V 4.7 MHz 


° 
/o 


of 
vu 


Differential Gain (Note 5) 
Differential Phase (Note 5) ; Degree 


Harmonic Distortion (Note 7) <0.04 <0.04 


os 


TRANSIENT RESPONSE (Note 6) 


Rise Time 


(=) 
ine) 


=) 
n 


ine) 
(on) 


j=) j=) on 


Overshoot 2 


) 
o 


wi 
Slew Rate 300 


300 350 V/us 


Ww 
on 
io) 


Settling Time 10V Step to 0.1% 100 


—_— 
je) 
jo) 


=! = | 
ep) ” 


200 


ie 1 
oO 


> 


4 
5 
10V Step to 0.01% 200 
1 
9 


POWER SUPPLY CHARACTERISTICS 


Supply Current 30 
3 


7 


> 


w 
= 
on 


=) 
ly lol o 
o}jo{o 


Full 


NOTES: 


3. R_ = 502, Vo = +5V, Output duty cycle must be reduced for Ioyt > 50mA (e.g. <50% duty cycle for 100mA). 


25 
25 
25 
25 
2D 
25 
25 
20 
25 
Cra 


Power Supply Rejection Ratio Vs =t5V to t15V 70 


4. Full Power Bandwidth guaranteed based on slew rate measurement using: FPBW = aes 
2nV 
PEAK 
5. Differential gain and phase are measured at 5MHz with a 1V differential input voltage. 
6. Refer to Test Circuits section of this data sheet. 


7. Vin = 1Veams; f = 10KHz; Ay = 10. 


Test Circuits and Waveforms 


5002 VIN ns Boks. pawns, BOP ODN ID ENE Sa 
b ; ; 4 ie a EE FS RR a tf 
500Q Fe iF +7 vies nprveeqiveebinne’ ereaderes bier edes +: ¢ a ser y 
NOTES: s 
8. Vg = +15V. Vout 
9. Ay = +2. 
10. Cy < 10pF. 
Vertical Scale: Vix = 2.0V/Div., Voyt = 5.0V/Div. 
Horizontal Scale: 200ns/Div. 
TEST CIRCUIT LARGE SIGNAL RESPONSE 
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Test Circuits and Waveforms (continued) 


, 
4 


VIN 
+ oli Sali { aoa +4 As ‘4 ue? A 
wens 
‘a Gen el penetes hp poe 
% i g %. : ; ; 
VouT 
St aipean ee, ys TBE 7OCCoA ee ee 
Vertical Scale: 100mV/Div. Vertical Scale: 100mV/Div. 
Horizontal Scale: 50ns/Div. Horizontal Scale: 10ns/Div. 
Vg = +15V, Ry = 1kQ. Propagation delay variance 
is negligible over full temperature range. 
SMALL SIGNAL RESPONSE PROPAGATION DELAY 
ol 
q YW”) 
> SETTLING NOTES: Ss - 
saa 11. Ay =-2. = 
a 
12. Feedback and summing resistors must be matched (0.1%). ca 
13. HP5082-2810 clipping diodes recommended. a = 
14. Tektronix P6201 FET probe used at settling point. o 
15. For 0.01% settling time, heat sinking is suggested to reduce 
Vv thermal effects and an analog ground plane with supply 
IN 5 V i a «ie 
OUT decoupling is suggested to minimize ground loop errors. 


SETTLING TIME TEST CIRCUIT (See Notes 11 - 15.) 
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Schematic Diagram 


5» V+ 


9 OUTPUT 


ST REREE fb BRR] 


Application Information (Refer to Application Note AN552 for Further Information) 


The Harris HA-2542 is a state of the art monolithic device 
which also approaches the “ALL-IN-ONE” amplifier concept. 
This device features an outstanding set of AC parameters 
augmented by excellent output drive capability providing for 
suitable application in both high speed and high output drive 
circuits. 


Primarily intended to be used in balanced 50Q and 75Q 
coaxial cable systems as a driver, the HA-2542 could also be 
used as a power booster in audio systems as well as a 
power amp in power supply circuits. This device would also 
be suitable as a small DC motor driver. 


The applications shown in Figures 2 through Figure 4 
demonstrate the HA-2542 at gains of +100 and +2 andasa 
video cable driver for small signals. 


Power Dissipation Considerations 


At high output currents, especially with the PDIP package, 
care must be taken to ensure that the Maximum Junction 
Temperature (Ty, see “Absolute Maximum Ratings” table) is 
not exceeded. As an example consider the HA-2542 in the 
PDIP package, with a required output current of 20mA at 
Vout = 5V. The power dissipation is the quiescent power 
(1.2W = 30V x 40mA) plus the power dissipated in the output 
stage (Poyt = 200mW = 20mA x (15V - 5V)), or a total of 
1.4W. The thermal resistance (@)a) of the PDIP package is 
100°CM, which increases the junction temperature by 140°C 
over the ambient temperature (Ta). Remaining below Tjnjyax 
requires that Ta be restricted to < 10°C (150°C - 140°C). 
Heatsinking would be required for operation at ambient 
temperatures greater than 10°C. 


Note that the problem isn’t as severe with either the CERDIP 
or Can packages due to their lower thermal resistances, and 
higher Tywax- Nevertheless, it is recommended that Figure 
1 be used to ensure that heat sinking is not required. 
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MAXIMUM T, WITHOUT HEATSINK (°C) 


10 15 20 25 30 35 40 45 50 
OUTPUT CURRENT (100% DUTY CYCLE, mA) 


FIGURE 1. MAXIMUM OPERATING TEMPERATURE vs 
OUTPUT CURRENT 


Allowable output power can be increased by decreasing the 
quiescent dissipation via lower supply voltages. 


For more information please refer to Application Note 
AN556, “Thermal Safe Operating Areas for High Current Op 
Amps”. 


Prototyping Guidelines 


For best overall performance in any application, it is recom- 
mended that high frequency layout techniques be used. This 
should include: 1) mounting the device through a ground 
plane: 2) connecting unused pins (NC) to the ground: 
3) mounting feedback components on Teflon standoffs and 
or locating these components as close to the device as pos- 
sible: 4) placing power supply decoupling capacitors from 
device supply pins to ground. 


As a result of speed and bandwidth optimization. the 
HA-2542 can’s case potential, when powered-up, is equai to 
the V- potential. Therefore, contact with other circuitry or 
ground should be avoided. 


Frequency Compensation 


The HA-2542 may be externally compensated with a single 
capacitor to ground. This provides the user the additional 
flexibility in tailoring the frequency response of the amplifier. 
A guideline to the response is demonstrated on the typical 
performance curve showing the normalized AC parameters 
versus Compensation capacitance. It is suggested that the 
user check and tailor the accurate compensation value for 
each application. As shown additional phase margin is 
achieved at the loss of slew rate and bandwidth. 


For example, for a voltage gain of +2 (or -1) and a load of 
500pF/2kQ, 20pF is needed for compensation to give a small 
signal bandwidth of 30MHz with 40° of phase margin. If a full 
power output voltage of +10V is needed, this same configura- 
tion will provide a bandwidth of 5MHz and a slew rate of 
200V/us. 


If maximum bandwidth is desired and no compensation is 
needed, care must be given to minimize parasitic capaci- 
tance at the compensation pin. In some cases where mini- 
mum gain applications are desired, bending up or totally 
removing this pin may be the solution. In this case, care 
must also be given to minimize load capacitance. 


For wideband positive unity gain applications, the HA-2542 
can also be over-compensated with capacitance greater 
than 30pF to achieve bandwidths of around 25MHz. This 
over-compensation will also improve capacitive load han- 
dling or lower the noise bandwidth. This versatility along with 
the +100mA output current makes the HA-2542 an excellent 
high speed driver for many power applications. 


Typical Applications 
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GAIN (dB) 
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ak 
oO 
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Frequency (O0dB) = 44.9MHz, 
Phase Margin (OdB) = 40° 


FREQUENCY RESPONSE 


FIGURE 2. NONINVERTING CIRCUIT (Ayc 1 = 100) 
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Typical Applications (continued) 
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Frequency (dB) = 56MHz, Phase Margin (3dB) = 40° 


FREQUENCY RESPONSE 


FIGURE 3. NONINVERTING CIRCUIT (Ayc_ = 2) 


75Q 
a < OUT 
IN 
1kQ 75Q 
1kQ 
OUT 


1V/Div.; 100ns/Div. 


PULSE RESPONSE 
FIGURE 4. VIDEO CABLE DRIVER (Ayc_ = 2) 


NOTES: 
16. Suggested compensation scheme 5pF - 20pF. 


17. Tested Offset Adjustment Range is |Vos5 +1mVI 
minimum referred to output. 


18. Typical range is +20mV with Ry = 5kQ. 


Ccomp 


FIGURE 5. SUGGESTED OFFSET VOLTAGE ADJUSTMENT AND FREQUENCY COMPENSATION 
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Typical Performance Curves 
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FIGURE 7. OFFSET VOLTAGE vs TEMPERATURE 
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FIGURE 9. BIAS CURRENT vs TEMPERATURE 
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FIGURE 11. PSRR AND CMRR vs TEMPERATURE 
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Typical Performance Curves (continued) 
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FIGURE 12. SUPPLY CURRENT vs SUPPLY VOLTAGE, 
AT VARIOUS TEMPERATURES 
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FIGURE 14. SLEW RATE vs TEMPERATURE AT VARIOUS 
SUPPLY VOLTAGES 
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FIGURE 16. OUTPUT VOLTAGE SWING vs SUPPLY VOLTAGE, 
AT VARIOUS TEMPERATURES 
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FIGURE 15. OPEN LOOP GAIN vs TEMPERATURE, 
AT VARIOUS SUPPLY VOLTAGES 
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FIGURE 17. NORMALIZED AC PARAMETERS vs COMPENSATION 
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Typical Performance Curves (continued) 
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FIGURE 18. OUTPUT VOLTAGE SWING vs FREQUENCY 
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FIGURE 20. FREQUENCY RESPONSE CURVES 
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FIGURE 19. OUTPUT VOLTAGE SWING vs FREQUENCY 
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FIGURE 21. HA-2542 CLOSED LOOP GAIN vs TEMPERATURE 
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Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered Up): 
106 mils x 73 mils x 19 mils \- 
= TQOuIn %. TSSCEM x SeopM TRANSISTOR COUNT: 
METALLIZATION: ” 


Type: Al, 1% Cu 
Thickness: 16kA +2kA 


PASSIVATION 


Type: Nitride (SigN4) over Silox (SiOz, 5% Phos.) 
Silox Thickness: 12kA +2kA 
Nitride Thickness: 3.5kA +1.5kA 


PROCESS: 


Bipolar Dielectric Isolation 


Metallization Mask Layout 
HA-2542 


+IN BAL 


BAL 


= 


= 


V- OUTPUT V+ COMP 
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HA-2544 


50MHz, Video Operational Amplifier 


GD 


November 1996 


Features Description 
e Gain Bandwidth................0 0c cee eaes 50MHz The HA-2544 is a fast, unity gain stable, monolithic op amp 
¢ High Slew Rate............ 0. ccc ween eens 150V/us designed to meet the needs required for accurate 
¢ Low Supply Current.............ccceeueees 10mA___ reproduction of video or high speed signals. It offers high 
° Differential Gain Error...........ccceseeeeee 0.03% Voltage gain (6kV/V) and high phase margin (65 degrees) 
Mm i while maintaining tight gain flatness over the video 
OAT SNA SRR EATOR Sina ae einen 0.03 Degrees andwidth. Built from high quality Dielectric Isolation, the 
¢ Gain Flatness at 10MHZ...............5008. 0.12dB 4A-2544 is another addition to the Harris series of high 
—— speed, wideband op amps, and offers true video 
App lications performance combined with the versatility of an op amp. 


¢ Imaging Systems 

e Video Test Equipment ¢ Pulse Amplifiers 

e Radar Displays e Signal Conditioning Circuits 
¢ Data Acquisition Systems 


e Video Systems 


Ordering Information 


HA7-2544-2 55 to 125 |8Ld CERDIP F8.3A 
HA7-2544-5 0 to 75 8 Ld CERDIP F8.3A 


HA9P2544-5 0to75 |8LdSOIC 

(H25445) 

HA9P2544-9 -40to85 |8LdSOIC 

(H25449) 

HA9P2544C-5 8 Ld SOIC M8.15 


(H2544C5) 


HA9P2544C-9 
(H2544C9) 


The primary features of the HA-2544 include 50MHz Gain 
Bandwidth, 150V/us slew rate, 0.03% differential gain error 
and gain flatness of just 0.12dB at 10MHz. High perfor- 
mance and low power requirements are met with a supply 
current of only 10mA. 


instrumentation and communication systems. 


Military (/883) product and data sheets are available upon 
request. 


Pinouts 
HA-2544 (PDIP, CERDIP, SOIC) HA-2544 
HA-2544C (PDIP, SOIC) (METAL CAN) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 
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Uses of the HA-2544 range from video test equipment, z on 
PART NUMBER TEMP. guidance systems, radar displays and other precise imaging za 
eae leer ence | systems where stringent gain and phase requirements have oO = 
previously been met with costly hybrids and discrete >; 5 
THAS-25445 | Oto75 |BldPDIP [ees | Circuitry. The HA-2544 will also be used in non-video i = 
systems requiring high speed signal conditioning such as Wg 

data acquisition systems, medical electronics, specialized Oo 


HA-2544 


Absolute Maximum Ratings 


Thermal Information 


Voltage Between V+ and V- Terminals.................05. 35V ‘Thermal Resistance (Typical, Note 2) Bya (CCIW) By (PCW) 
Differential Input Voltage (Note 1)..................20 0008. 6V Metal Can Package................. 160 75 
Peat QOuiput CONG <asscnciascievasesanesveevasneno dads +40mA PDIP PACKAUG 20sec vnevae nidiewed at 92 N/A 
CERDIP PaGnage cs ccc dees nasavnnwe 135 50 
Operating Conditions BONG PACKAOG 66 0u 6k oes eases eee Rees 157 N/A 

Maximum Junction Temperature (Hermetic Packages)...... 175°C 

Temperature Range 0 0 Maximum Junction Temperature (Plastic Packages)........ 150°C 

Angee peit PES EE SIS StS he Se aie asa pA “ As Maximum Storage Temperature Range ......... -65°C to 150°C 

. So eee eee eee eee ese neat ‘ Maximum Lead Temperature (Soldering 10s)............ 300°C 

ele, ee ee eer -§5°C to 125°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. To achieve optimum AC performance, the input stage was designed without protective diode clamps. Exceeding the maximum differential 
input voltage results in reverse breakdown of the base-emitter junction of the input transistors and probable degradation of the input 
parameters especially Vos, log and Noise. 


2. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +15V, CL <10pF, Ry = 1kQ, Unless Otherwise Specified 


TEST TEMP 
PARAMETER CONDITIONS (°C) 


INPUT CHARACTERISTICS 
Offset Voltage 


HA-2544-2, -5, -9 
T 


HA-2544C-5, -9 
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IngutNowe Curent =i pan 
0.1Hz to 10Hz 1.5 1.5 uVp.p 
0.1Hz to 1MHz 4.6 4.6 
TRANSFER CHARACTERISTICS 
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Electrical Specifications Vsyppy,y = +15V, Cy <10pF, R; = 1kQ, Unless Otherwise Specified (Continued) 


oie temp | _HA-2544-2, -5, -9 HA-2544C-5, -9 
PARAMETER CONDITIONS (°C) | MIN | TYP TYP 
OUTPUT CHARACTERISTICS 
Full Power Bandwidth (Note 6) ee 32 


5 

Peak Output Current (Note 7) +25 + 
25 
25 
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GEEEE 
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2 

2 
Continuous Output Current (Note 7) ae Eo 
Output Resistance }OpenLoop =| 25 
TRANSIENT RESPONSE 
Rise Time (Note 4) | 25 | 
Overshoot (Note 4) Pa 
Slew Rate ae 
Settling Time (Note 5) fo. 


VIDEO PARAMETERS R, = 1kQ (Note 8) 
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Differential Phase (Note 9)  t—~SYSCi 0.03 Degree 
Differential Gain (Notes 3, 9) ee a 0.0026 

ae a 0.03 0.03 % 
Gain Flatness SMHz | 5 .10 
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Chrominance to Luminance Delay (Note 10) Ts 


POWER SUPPLY CHARACTERISTICS 


Supply Current as Full 


Power Supply Rejection Ratio (Note 7) Vs =+10V to +20V 70 


10 


oO 
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on 
a 
ine) 
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—s 
o1 


NOTES: 
Ap (dB) 


3. Ap(%) =|10 *° -1]x100. 


. For Rise Time and Overshoot testing, Voyt is measured from 0 to +200mV and 0 to -200mV. 
. Settling Time is specified to 0.1% of final value for a 10V step and Ay = -1. 
Slew Rate 


. Full Power Bandwidth is guaranteed by equation: Full Power Bandwidth = 
en Vee AK 


(VpEAk = 5V)- 
. Refer to typical performance curve in Data Sheet. 


. The video parameter specifications will degrade as the output load resistance decreases. 


Oo DOAN OD A fF 


. Tested with a VM700A video tester, using a NTC-7 Composite input signal. For adequate test repeatability, a minimum warm-up of 2 
minutes is suggested. Ay = +1. 


10. C-L Gain and C-L Delay was less than the resolution of the test equipment used which is 0.1dB and 7ns, respectively. 
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Test Circuits and Waveforms 


NOTES: 

11. Vg =+15V. 

12. Ay oe 

Vout 13. Rg = 502 or 752 (Optional). 

14. Ry = 1kQ. 

15. C, < 10pF. 

16. Vin for Large Signal = +5V. 

17. Viny for Small Signal = 0 to 
+200mV and 0 to -200mvV. 


FIGURE 1. TRANSIENT RESPONSE 


VIN 


VIN 


Vout } 
VouT 


Vout =0to+10V 
Vertical Scale: Vij = 5V/Div.; Vout = 2V/Div. 
Horizontal Scale: 100ns/Div. 


Vout = 0 to +200mV 
Vertical Scale: Vij = 100mV/Div.; Voyt = 100mV/Div. 
Horizontal Scale: 100ns/Div. 


LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 


, SETTLING 
POINT 


NOTES: 
18. Ay =-1. 
19. Feedback and summing resistor ratios should be 0.1% matched. NOTE: Tested offset adjustment range is IVog + 1mVI minimum 
20. HP5082-2810 clipping diodes recommended. referred to output. Typical range for Ry = 20kQ is approximately 
21. Tektronix P6201 FET probe used at settling point. +30mV. 

FIGURE 2. SETTLING TIME TEST CIRCUIT FIGURE 3. OFFSET VOLTAGE ADJUSTMENT 
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Schematic Diagram 


Application Information 


The HA-2544 is a true differential op amp that is as versatile 
as any op amp but offers the advantages of high unity gain 
bandwidth, high speed and low supply current. More impor- 
tant than its general purpose applications is that the 
HA-2544 was especially designed to meet the requirements 
found in a video amplifier system. These requirements 
include fine picture resolution and accurate color rendition, 
and must meet broadcast quality standards. 


5» V+ 


Qns3 


362. 
> OUTPUT 


362 


In a video signal, the video information is carried in the ampli- 
tude and phase as well as in the DC level. The amplifier must 
pass the 30Hz line rate luminance level and the 3.58MHz 
(NTSC) or 4.43MHz (PAL) color band without altering phase 
or gain. The HA-2544's key specifications aimed at meeting 
this include high bandwidth (50MHz), very low gain flatness 
(0.12dB at 10MHz), near unmeasurable differential gain and 
differential phase (0.03% and 0.03 degrees), and low noise 
(20nV/VHz). The HA-2544 meets these quidelines. 
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The HA-2544 also offers the advantage of a full output voltage 
swing of +10V into a 1kQ load. This equates to a full power 
bandwidth of 2.4MHz for this +10V signal. If video signal levels 
of +2V maximum is used (with Ry. = 1kQ), the full power band- 
width would be 11.9MHz without clipping distortion. Another 
usage might be required for a direct 50Q or 75Q load where the 
HA-2544 will still swing this +2V signal as shown in the above 
display. One important note that must be realized is that as load 
resistance decreases the video parameters are also degraded. 
For optimal video performance a 1kQ load is recommended. 


If lower supply voltages are required, such as +5V, many of 
the characterization curves indicate where the parameters 
vary. As shown the bandwidth, slew rate and supply current 
are still very well maintained. 


Prototyping and PC Board Layout 


When designing with the HA-2544 video op amp as with any 
high performance device, care should be taken to use high fre- 
quency layout techniques to avoid unwanted parasitic effects. 
Short lead lengths, low source impedance and lower value 
feedback resistors help reduce unwanted poles or zeros. This 
layout would also include ground plane construction and power 
supply decoupling as close to the supply pins with suggested 
parallel capacitors of 0.14.F and 0.001uF ceramic to ground. 


In the noninverting configuration, the amplifier is sensitive to 
stray capacitance (<40pF) to ground at the inverting input. 
Therefore, the inverting node connections should be kept to a 


Typical Applications 


SHIELDED 
CABLE 


FIGURE 4. APPLICATION 1, 75Q. DIFFERENTIAL INPUT BUFFER 


~ 2m (2.1K x 750pF) 


FIGURE 6. APPLICATION 3, 100kHz HIGH PASS 2-POLE 
BUTTERWORTH FILTER 


minimum. Phase shift will also be introduced as load parasitic 
capacitance is increased. A small series resistor (20Q to 1002) 
before the capacitance effectively decouples this effect. 


Stability/Phase Margin/Compensation 


The HA-2544 has not sacrificed unity gain stability in achieving 
its superb AC performance. For this device, the phase margin 
exceeds 60 degrees at the unity crossing point of the open loop 
frequency response. Large phase margin is critical in order to 
reduce the differential phase and differential gain errors caused 
by most other op amps. Because this part is unity gain stable, 
no compensation pin is brought out. If compensation is desired 
to reduce the noise bandwidth, most standard methods may be 
used. One method suggested for an inverting scheme would be 
a series R-C from the inverting node to ground which will 
reduce bandwidth, but not effect slew rate. If the user wishes to 
achieve even higher bandwidth (>50MHz), and can tolerate 
some slight gain peaking and lower phase margin, experiment- 
ing with various load capacitance can be done. 


Shown in Application 1 is an excellent Differential Input, Unity 
Gain Buffer which also will terminate a cable to 75Q and reject 
common mode voltages. Application 2 is a method of separat- 
ing a video signal up into the Sync only signal and the Video 
and Blanking signal. Application 3 shows the HA-2544 being 
used as a 100kHz High Pass 2-Pole Butterworth Filter. Also 
shown is the measured frequency response curves. 
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FIGURE 5. APPLICATION 2, COMPOSITE VIDEO SYNC 
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Typical Performance Curves 
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FIGURE 8. INPUT NOISE VOLTAGE AND NOISE CURRENT 
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FIGURE 12. PSRR AND CMRR vs TEMPERATURE 
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FIGURE 9. INPUT OFFSET VOLTAGE vs TEMPERATURE 
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FIGURE 11. INPUT BIAS CURRENT vs TEMPERATURE 
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FIGURE 13. OPEN LOOP GAIN vs TEMPERATURE 
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Typical Performance Curves (continued) 
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FIGURE 14. OUTPUT VOLTAGE SWING vs SUPPLY VOLTAGE 
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FIGURE 16. OUTPUT CURRENT vs SUPPLY VOLTAGE 
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FIGURE 18. SUPPLY CURRENT vs SUPPLY VOLTAGE 
(NORMALIZED TO Vs = +15V AT 25°C) 


Ry = 1kQ , Vg = +15V 
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FIGURE 15. FREQUENCY RESPONSE AT VARIOUS GAINS 
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FIGURE 17. OPEN LOOP RESPONSE 


GAIN (dB) 


PHASE (DEGREES) 


-180 
100 1K 10K 100K 1M 10M 100M 
FREQUENCY (Hz) 


FIGURE 19. VOLTAGE FOLLOWER RESPONSE 
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Typical Video Performance Curves 
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FIGURE 20. AC GAIN VARIATION vs DC OFFSET LEVELS FIGURE 21. AC PHASE VARIATION vs DC OFFSET LEVELS 
(DIFFERENTIAL GAIN) (DIFFERENTIAL PHASE) 


OPERATIONAL 
AMPLIFIERS 


NTSC Method, R,_ = 1kQ, Differential Gain <0.05% at Ty = 75°C NTSC Method, Ry = 1kQ, 
No Visual Difference at Ta = -55°C or 125°C Differential Phase < 0.05 Degree at Ta = 75°C 
No Visual Difference at Ta, = -55°C or 125°C 


FIGURE 22. DIFFERENTIAL GAIN FIGURE 23. DIFFERENTIAL PHASE 


Ay = +1, Vin = +100mV ie 
Ry = 1kQ, Cy < 10pF 


OUTPUT 


GAIN FLATNESS (dB) 


NTSC Method, Ry, = 1kQ, C-L Delay <7ns at Ta = 75°C 
No Visual Difference at Ta = -55°C or 125°C 
Vertical Scale: Input = 100mV/Div., Output = 50mV/Div. 
Horizontal Scale: 500ns/Div. 


100 1K 10K 100K 1M 10M 100M 
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FIGURE 24. GAIN FLATNESS FIGURE 25. CHROMINANCE TO LUMINANCE DELAY 
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Typical Video Performance Curves (continued) 
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FIGURE 26. +2V OUTPUT SWING (WITH Ri goap = 75, 
FREQUENCY = 5.00MHz) 
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il Ay = +1, Vg = +15V 


BANDWIDTH Ror 
oF (-3dB) |Paa 1kQ 
-89. 


FIGURE 27. BANDWIDTH vs LOAD CAPACITANCE 


HA-2544 


Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered Up): 
80 mils x 64 mils x 19 mils \- 
Sveum x VeSULie Xen TRANSISTOR COUNT: 
METALLIZATION: 
44 
. ° 
Type: Al, 1% Cu PROCESS: 


Thickness: 16kA +9kA 
PASSIVATION: 


Type: Nitride (SigN4) over Silox (SiO2, 5% Phos.) 
Silox Thickness: 12kA £2 
Nitride Thickness: 3.5kA +7 5kA 


Bipolar Dielectric Isolation 


Metallization Mask Layout 
HA-2544 


BAL 


OPERATIONAL 
AMPLIFIERS 


+IN OUT 


BAL 
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HA-2548 


150MHz, High Slew Rate, 


November 1996 | 


Features 


Description 

* High Slew Ralé..scsccssesssssevessscusecs 120V/us The HA-2548 is an op amp that offers a unique combination 
¢ Low Offset Voltage............cecceeeeeeees 300LV of bandwidth, slew rate, and precision specifications. These 

; ; features can eliminate the need for composite op amp 
* High OPen LOCH GEMM 262s svvccnccenewes ems 130dB designs and external calibration circuitry. 
¢ Gain Bandwidth Product...............4.. 150MHz Optimized for gains >5, the HA-2548 has a gain-bandwidth 
¢ Low Noise Voltage at 1KHZ.............. 8.3nV/VHZ product of 150MHz and a slew rate of 120V/us while 
¢ Minimum Gain Stability..................00005 >5 ‘Maintaining extremely high open loop gain (130dB Typ) and 


low offset voltage (300UV Typ). These specifications are 


Applications 


¢ High Speed Instrumentation 
e Data Acquisition Systems 


achieved through uniquely designed input circuitry and a 
single ultra-high gain stage that minimizes the AC signal 
path. Capable of delivering over 30mA of output current, the 
HA-2548 is ideal for precision, high speed applications such 


as signal conditioning, instrumentation, video/pulse 


¢ Analog Signal Conditioning amplifiers and buffers. 


e Precision, Wideband Amplifiers - ; 
For information on the military version of this device please 


- Pulse/RF Amplifiers refer to the HA-2548/883 datasheet. 


Ordering Information 


arasen ale] meas | 
PART NUMBER | RANGE (°C) 


Pinouts 
HA-2548 HA-2548 HA-2548 
(PDIP, SBDIP) (METAL CAN) (SOIC) 
TOP VIEW TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 
pyrig p 3-244 


2901.2 


File Number 


HARRIS HA-2600, HA-2602, 
SEMICONDUCTOR HA-2605 


12MHz, High Input Impedance 
November 1996 Operational Amplifiers 


Features Description 


Bandwidth HA-2600/2602/2605 are internally compensated bipolar 
High Input Impedance operational amplifiers that feature very high input impedance 
Low Input Bias Current (500MQ2, HA-2600) coupled with wideband AC performance. 
The high resistance of the input stage is complemented by 
low offset voltage (0.5mV, HA-2600) and low bias and offset 
current (1nA, HA-2600) to facilitate accurate signal 
High Gain 150kV/V processing. Input offset can be reduced further by means of 
Slew Rate an external nulling potentiometer. 12MHz unity gain- 
Output Short Circuit Protection bandwidth, 7V/us slew rate and 150kV/V open-loop gain 
Unity Gain Stable enables HA-2600/2602/2605 to perform high-gain 
amplification of fast, wideband signals. These dynamic 

Applications characteristics, coupled with fast settling times, make these 
amplifiers ideally suited to pulse amplification designs as 
well as high frequency (e.g. video) applications. The 
Pulse Amplifier frequency response of the amplifier can be tailored to exact 


Low Input Offset Current 
Low Input Offset Voltage.................... 0.5mV 


e Video Amplifier 


Audio Amplifiers and Filters design requirements by means of an external bandwidth a ” 

High-Q Active Filters control capacitor. S ui 

High-Speed Comparators In addition to its application in pulse and video amplifier > os 

Low Distortion Oscillators designs, HA-2600/2602/2605 are particularly suited to other cao 

. . high performance designs such as high-gain low distortion = = 
Ordering Information audio amplifiers, high-Q and wideband active filters and 1°) 


PART NUMBER TEMP high-speed comparators. For more information, please refer 
RANGE °c) PACKAGE a to Application Note AN515. 


The HA-2600 and HA-2602 are offered as /883 Military 


r - or t and data sheets are available upon request. 
HA2-2602-2 | -55 to 125 | 8 Pin Metal Can Grade; produc Parl request 
HA2-2605-5 8 Pin Metal Can 
HA3-2605-5 / OQto75 |8LdPDIP 


HA7-2600-2 -55 to 125 |8Ld CERDIP F8.3A 
HA7-2602-2 -55 to 125 |8Ld CERDIP F8.3A 
HA7-2605-5 0 to 75 8 Ld CERDIP F8.3A 


HA9P2605-5 0to75 |8LdSOIC M8.15 
(H26055) 


Pinouts 


HA-2600/02 (CERDIP) HA-2600/02/05 
HA-2605 (PDIP, CERDIP, SOIC) (METAL CAN) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2902.2 
Copyright © Harris Corporation 1996 3-245 


HA-2600, HA-2602, HA-2605 


Absolute Maximum Ratings Thermal Information 
Supply Voltage Between V+ and V- Terminals.............. 45V ‘Thermal Resistance (Typical, Note 1) ByA (°C/W) 8 JC (°C/W) 
Differential Input VONEQR: osc enscesswssav esas nnawas aes 12V Metal Can Package ...6 6.66: sssuas 165 80 
Peak Output Current............... Full Short Circuit Protection POP PAGS wicinsavecweawen aes 96 N/A 
WVERDIP PAOKSQS «160+ seen seeass 135 50 
Operating Conditions SiG PoCMNOGs axv-onae eka neue e bee 157 N/A 
Maximum Junction Temperature (Hermetic Package) ........ 178°G 
Temperature Range 5 >. Maximum Junction Temperature (Plastic Package) ........ 150°C 
eee icant ith hie ial hae hadi hie hala = ok ath Maximum Storage Temperature Range ......... -65°C to 150°C 
NaI RR eeeentesenenss “409C 16 HEOC Maximum Lead Temperature (Soldering 10s)............ 300°C 
a ae ee a Te ee a ee co i i et er ee, ve i 2 ee Ye et ae er ee (SOIC x Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +15V, Unless Otherwise Specified 


HA-2605-9 
HA-2600-2 HA-2605-5 
TEMP. 
PARAMETER (°C) UNITS 


LMin | Typ | max] win | typ | max | win | TvP | 
INPUT CHARACTERISTICS 


< 


Offset Voltage 


nN 
on 
a 
on 
5 


Fe 
aS 
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Full 


Average Offset Voltage Drift Full 


Bias Current (Note 2) 
Full 
Offset Current (Note 2) 
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—_, Ww —_ 
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w 
BS < = < 313 
= | pe | = | = | 
< z| | Si/>/>/>/ >] 3 
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Full 
5 
Input Noise Voltage Density (f = 1kHz) 25 
Full | +11 | +12 +12 +12 
TRANSFER CHARACTERISTICS | 
Large Signal Voltage Gain (Notes 3, 6) 25 100 150 150 kV/V 
Full 70 kV/V 


Common Mode Rejection Ratio (Note 4) Full 


Minimum Stable Gain 


= wh, —, 
ro) on 
nm ro) ro) 
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nm ro) 
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Gain Bandwidth Product (Note 5) 
OUTPUT CHARACTERISTICS 
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+ 
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Output Voltage Swing (Note 3) Full 
Output Current (Note 6) 

Full Power Bandwidth (Notes 6, 13) 
TRANSIENT RESPONSE (Note 10) 
Rise Time (Notes 3, 7, 8, 9) 
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Overshoot (Notes 3, 7, 8, 9) 

Slew Rate (Notes 3, 7, 9, 14) 
Settling Time (Notes 3, 7, 15) 
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HA-2600, HA-2602, HA-2605 


Electrical Specifications Vsypp,y = +15V, Unless Otherwise Specified (Continued) 


PARAMETER ec) eso unis 


POWER SUPPLY CHARACTERISTICS 


[Powensurecycnanacrennes 
Smvowen ST = | [@[]-[s]*]-]*]-] = 
Foner Sinvecaonraiowoet | ru fofo|-fxla|-[=[~|-]«_ 


NOTES: 


2. Typical and minimum specifications for -9 are identical to those of -5. All maximum specifications for -9 are identical to those of -5 except 
for Full Temperature Bias and Offset Currents, which are 70nA Max 


3. Ry = 2kQ. 

4. Vom = +10V. 
5. VouT < 90mV. 
6. Vout = £10V. 
i 
8 


. Cy = 100pF. 
. Vout = +200mV. 
9. Ay=+1. 
10. See Transient Response Test Circuits and Waveforms. 
11. AVsg =+5V. 
12. This parameter value guaranteed by design calculations. 
13. Full Power Bandwidth guaranteed by slew rate measurement: FPBW = 
enV DEAK 
14. Vout = +5V 
15. Settling time is characterized at Ay = -1 to 0.1% of a 10V step. 


Slew Rate 


AMPLIFIERS 


Test Circuits and Waveforms 


OPERATIONAL 


OUTPUT 


) OUTPUT 
10% - - - ;  —— f_ _!'¥-. 
ov RISE TIME -5V < | SLEW RATE 
a '' At | AW/At 
NOTE: Measured on both positive and negative transitions from 
OV to +200mV and OV to -200mV at the output. 
FIGURE 1. TRANSIENT RESPONSE FIGURE 2. SLEW RATE 


IN 
OUT 
2kQ 100pF accel 
NOTE: Tested offset adjustment range is [Vos + 1mVI minimum 
referred to output. Typical ranges are t+10mV with Ry = 100kQ. 
FIGURE 3. SLEW RATE AND TRANSIENT RESPONSE TEST FIGURE 4. SUGGESTED Vos ADJUSTMENT AND 
CIRCUIT COMPENSATION HOOK UP 
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Schematic Diagram 


COMPENSATION 


Q30 
+INPUT ae Qs7 
> Q44 Rig 
30 
0 OUT 


Ri7 
Q45 30 
Q47 
Qs2 
Q4g 
Q50 


Qag 
1 
pF 


R 
Cc 15 R46 
> V- 


-INPUT 


5pF 


SILICON PHOTO 
DIODE 


Vo = -RiIp + Ig) 
: +2V 
50pF (NOTE) { 
+6V 
——— 


50pF (NOTE) 
—>| tus Lyd b 
V+ DIGITAL CONTROL -15V 
FEATURES: 
1. Constant cell voltage. IBIAS lf C = 1000pF 
Srna Then DRIFT = 0.01V/us (Max) 


2. Minimum bias current error. 


NOTE: A small load capacitance is recommended in all applications where practical to prevent possible high frequency oscillations resulting 
from external wiring parasitics. Capacitance up to 100pF has negligible effect on the bandwidth or slew rate. 


FIGURE 5. PHOTO CURRENT TO VOLTAGE CONVERTER FIGURE 6. SAMPLE AND HOLD 
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Typical Applications (continued) 


R2 


Vo = 1+ 


Ro 
R, REF 


VREF = 


IBIAS 


V+ 


FEATURES: 
1. Minimum bias current in reference cell. 
2. Short Circuit Protection. 


+ 
HA-2600 9 OUT 


i 50pF (NOTE) 


FEATURES 


1. Zin = 10'2Q (Min). 
2. ZouT = 0.012 (Max), B.W. = 12MHz (Typ). 
3. Slew Rate = 4V/us (Min), Output Swing = +10V (Min) to 50kHz. 


NOTE: Asmall load capacitance is recommended in all applications where practical to prevent possible high frequency oscillations resulting 
from external wiring parasitics. Capacitance up to 100pF has negligible effect on the bandwidth or slew rate. 


FIGURE 7. REFERENCE VOLTAGE AMPLIFIER 


Typical Performance Curves \sz = +15V, Ts = 25°C, Unless Otherwise Specified 
y S A 


CURRENT (nA) 


100 125 
TEMPERATURE (°C) 


FIGURE 9. INPUT BIAS CURRENT AND OFFSET CURRENT 
vs TEMPERATURE 


OPEN LOOP VOLTAGE GAIN (dB) 


1kHz 


10kHz 100kHz 1MHz 10MHz 100MHz 
FREQUENCY 


10Hz 100Hz 


FIGURE 11. OPEN LOOP FREQUENCY RESPONSE 


FIGURE 8. VOLTAGE FOLLOWER 


100 
EQUIVALENT INPUT 2 ” 
NOISE vs BANDWIDTH Str 

oO w 

—— 

q J 

10 ca 
10kQ SOURCE ws 
RESISTANCE a < 


0Q SOURCE 


SA. RESISTANCE 
THERMAL NOISE 


OF 10K RESISTOR 


EQUIVALENT INPUT NOISE (:V) 


0.1 


100Hz 1kHz 


10kHz 


UPPER 3dB FREQUENCY 
(LOWER 3dB FREQUENCY = 10Hz) 


100kHz 1MHz 10MHz 


FIGURE 10. BROADBAND NOISE CHARACTERISTICS 


PHASE ANGLE (DEGREES) 
IMPEDANCE (MQ) 


-35 


-15 
TEMPERATURE (°C) 


FIGURE 12. INPUT IMPEDANCE vs TEMPERATURE (100Hz) 
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Typical Performance Curves \zg = +15V, Ta = 25°C, Unless Otherwise Specified (Continued) 
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20 =z 
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a S 
w re) 
6 _ 
< +20V SUPPLY ci 
5 +15V SUPPLY a 
> 04 +10V SUPPLY 
~ +5V SUPPLY ia 
a 10Hz 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 
FREQUENCY (Hz) 
0.01 NOTE: External compensation components are not required for stability, 
10kHz 100kHz 1MHz 10MHz 100MHz but may be added to reduce bandwidth if desired. If External Compensa- 
FREQUENCY tion is used, also connect 100pF capacitor from output to ground. 
FIGURE 13. OUTPUT VOLTAGE SWING vs FREQUENCY FIGURE 14. OPEN LOOP FREQUENCY RESPONSE FOR 


VARIOUS VALUES OF CAPACITORS FROM 
COMPENSATION PIN TO GROUND 
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FIGURE 15. COMMON MODE VOLTAGE RANGE vs SUPPLY FIGURE 16. OPEN LOOP VOLTAGE GAIN vs TEMPERATURE 
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INPUT NOISE CURRENT || ‘ 


COMMON MODE REJECTION RATIO (dB) 
INPUT NOISE VOLTAGE (nV/VHz) 
_ INPUT NOISE CURRENT (pA/VHz) 


0 : 
100Hz 1kHz 10kHz 100kHz 1MHz 10 100 1K _ 10K 100K 
FREQUENCY FREQUENCY (Hz) 
FIGURE 17. COMMON MODE REJECTION RATIO vs FREQUENCY FIGURE 18. NOISE DENSITY vs FREQUENCY 


3-250 


HA-2600, HA-2602, HA-2605 


Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 

69 mils x 56 mils x 19 mils Type: Nitride (SigN4) over Silox (SiOo, 5% Phos.) 

1750um x 1420um x 483m Silox Thickness: 12kA +2 

Nitride Thickness: 3.5kA +1.5kA 

METALLIZATION: 

Type: Al, 1% Cu TRANSISTOR COUNT: 

Thickness: 16kA +2kA 140 
SUBSTRATE POTENTIAL (Powered Up): PROCESS: 

Unbiased Bipolar Dielectric Isolation 


Metallization Mask Layout 
HA-2600, HA-2602, HA-2605 


+IN -IN 


BAL 


OPERATIONAL 
AMPLIFIERS 


COMP 


BAL 
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HA-2620, HA-2622, 
HA-2625 


100MHz, High Input Impedance, Very Wideband, 
Uncompensated Operational Amplifiers 


et SEMICONDUCTOR 


November 1996 


Features 

¢ Gain Bandwidth Product (Ay > 5)........... 100MHz 
¢ High Input Impedance...................6- 500MQ 
e Low Input Bias Current...............000eeeee 1nA 
e Low Input Offset Current................000e- 1nA 
e Low Input Offset Voltage................005. 0.5mV 
© Ps GA cede e ce tense dense eienent wand 150kV/V 
© BOW HOG 6ena ccs eecauwk bees ohne Shee es 35V/us 


¢ Output Short Circuit Protection 


Applications 

¢ Video and RF Amplifier 

e Pulse Amplifier 

¢ Audio Amplifiers and Filters 
¢ High-Q Active Filters 

¢ High Speed Comparators 

¢ Low Distortion Oscillator 


Ordering Information 


baal PS 
(BRAND) RANGE (°C) 


HA7-2620-2 -55to 125 |8LdCERDIP F8.3A 
HA7-2622-2 | -65 to 125 | 8 Ld CERDIP F8.3A 
HA7-2625-5 8 Ld CERDIP F8.3A 


HA9P2625-5 O0to75 |8LdSOIC M8.15 
(H26255) 
HA9P2625-9 -40to85 |8LdSOIC M8.15 
(H26259) 


Pinouts 


HA-2620/22 (CERDIP) 
HA-2625 (CERDIP, PDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 


Description 


HA-2620/2622/2625 are bipolar operational amplifiers that 
feature very high input impedance (500MQ, HA-2620) 
coupled with wideband AC performance. The high 
resistance of the input stage is complemented by low offset 
voltage (0.5mV, HA-2620) and low bias and offset current 
(1nA, HA-2620) to facilitate accurate signal processing. Input 
offset can be reduced further by means of an external nulling 
potentiometer. The 100MHz gain bandwidth product (HA- 
2620/2622/2625 are stable for closed loop gains greater 
than 5), 35V/us slew rate and 150kV/V open loop gain 
enables HA-2620/2622/2625 to perform high gain 
amplification of very fast, wideband signals. These dynamic 
characteristics, coupled with fast settling times, make these 
amplifiers ideally suited to pulse amplification designs as 
well as high frequency (e.g., video) applications. The 
frequency response of the amplifier can be tailored to exact 
design requirements by means of an external bandwidth 
control capacitor connected from the Comp pin to GND. 


In addition to its application in pulse and video amplifier 
designs, HA-2620/2622/2625 is particularly suited to other 
high performance designs such as high-gain low distortion 
audio amplifiers, high-Q and wideband active filters and 
high-speed comparators. For more information, please refer 
to Application Notes AN509, AN519 and AN546. 


The HA-2620 and HA-2622 are both offered as /883 Military 
Grade with the HA-2622 also available in CLCC packages. 
MIL-STD-883 data sheets are available upon request. Harris 
AnswerFAX (407-724-7800) Document #3701. 


HA-2620, HA-2622, HA-2625 
(METAL CAN) 
TOP VIEW 


File Number 
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HA-2620, HA-2622, HA-2625 


Absolute Maximum Ratings Thermal Information 
Supply Voltage (Between V+ and V- Terminals)............. 45V Thermal Resistance (Typical, Note 1) Byn (CCIW) 8c (CCW) 
Differential Input Voltage. ... 0.6.0... cee ee eee 12V POP PaEGhAge <6ci:ceciceoankntan’s 96 N/A 
Peak Output Current............... Full Short Circuit Protection CERDIP Package ...2..00c000e0es 135 50 
Swi PACMAG. suis «siete ecewarads 157 N/A 
Operating Conditions Metal Can Package............... 165 80 
Maximum Junction Temperature (Hermetic Package) ........ 175°C 
Temperature Range 0 6 Maximum Junction Temperature (Plastic Package) ........ 150°C 
eens peae SESE ee Se ASSN STs Sees os alk Maximum Storage Temperature Range ......... -65°C to 150°C 
HA-2605-9... “40° C to 85°C Maximum Lead Temperature (Soldering 10s)............ 300°C 
SAG a Aeta mheweegrdenKens ee eeee tian (SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. Oya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsypp,y = +15V, Unless Otherwise Specified 
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Input Noise Voltage 5 11 { 


Density (f = 1kHz) 
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Input Noise Current 25 0.16 0.16 0.16 pA/VHz 
Density (f = 1kHz) 
Common Mode Range Full +11 #12 +11 £12 +11 +12 


TRANSFER CHARACTERISTICS 


Large Signal Voltage 25 150 


Gain (Notes 4, 5) Full 


Common Mode Rejection Full 100 
Ratio (Note 6) 
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Minimum Stable Gain 25 


Gain Bandwidth Product 25 
(Notes 4, 7, 8) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing Full 
(Note 4) 


Output Current 
(Note 5) 


Full Power Bandwidth 25 
(Notes 4, 5, 9, 13) 


TRANSIENT RESPONSE (Note 8) 


Rise Time 25 17 45 17 45 17 45 
(Notes 4, 9, 10) 
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OPERATIONAL 
AMPLIFIERS 


HA-2620, HA-2622, HA-2625 


Electrical Specifications Vsypp,y = +15V, Unless Otherwise Specified (Continued) 


S hee er pee ee Te 


Slew Rate 25 +25 +35 +20 +35 +20 +35 Vius 
(Notes 4, 9. 10, 12) 


POWER SUPPLY CHARACTERISTICS 


Supply Current 


pfs fez Pe 8 st tT 8 

Power Supply Rejection Full 74 74 
NOTES: 

2. This parameter value guaranteed by design calculations. 

3. Offset may be externally adjusted to zero. 

4. Ry = 2kQ. 
5. Vout = +10V. 
6 
Fi 
8 


. Vom = +10V. 
. Vout < 9O0mvV. 
. 40dB Gain. 
9. See Transient Response Test Circuits and Waveforms. 
10. Ay = 5 (The HA-2620 family is not stable at unity gain without external compensation). 


11. AVsg = +5V. 
12. Vout = +5V. 
, ; Slew Rate 
13. Full Power Bandwidth guaranteed by slew rate measurement: FPBW = —————. 
enV PEAK 


Test Circuits and Waveforms 


+40mV 1V 
INPUT | INPUT | 
OV -1V 


+200mV - - — - . #5V------ 
ae = = Oo. == = Ss 
OUTPUT | OUTPUT 
10%- — | 16%- = = 


5V - ; ¥ ~ SLEW RATE 


OV | l<<— RISE TIME <te At ~~ we AV/At 


NOTE: Measured on both positive and negative transistions from OV to +200mV and OV to -200mvV at output. 
TRANSIENT RESPONSE SLEW RATE 


NOTE: Tested Offset Adjustment is Vos + 1mVI minimum referred to 
output. Typical range is +10mV with Ry = 100kQ. 


SLEW RATE AND TRANSIENT RESPONSE SUGGESTED Vos ADJUSTMENT AND COMPENSATION HOOK-UP 
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HA-2620, HA-2622, HA-2625 


Schematic Diagram 


R2 R4 Rs 
- 4.18K 1.56K aoe 
; 9 BAL 
Q61 
Gina 


Mp 1% 


bam 
+INPUT Ly. 
Ky | ony 


-INPUT 


> VouT 
+5.0V, OV 


50pF (NOTE) 


VREF 


FIGURE 1. HIGH INPUT IMPEDANCE COMPARATOR 


COMPENSATION 9¢ 
5 V+ 
Q59 
Qs8 
Qs7 
OUT 
I 
qt wn 
2, t 
oO Ww 
— 
q 
7 Qo 
aS 
Oo 
» V- 
2.2kQ 
+ 
HA-2600 
50pF 
(NOTE) 


1 


f= 47(R, +Ra)C 


OUTPUT ~OUTPUT 


FIGURE 2. FUNCTION GENERATOR 
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HA-2620, HA-2622, HA-2625 


Typical Applications (Continued) 


5pF 


HA- 2600 © VouT 
50pF (NOTE) 

BW = 1MHz 

GAIN = 40dB 


NOTE: Asmall load capacitance of at least 30pF (including stray capacitance) 
is recommended to prevent possible high frequency oscillations. 


FIGURE 3. VIDEO AMPLIFIER 


Typical Performance Curves vg = +15V, Ta = 25°C, Unless Otherwise Specified 


100 
EQUIVALENT INPUT 
NOISE vs BANDWIDTH 
| 
10kQ SOURCE 


RESISTANCE 
10 


02 SOURCE 
RESISTANCE 


CURRENT (nA) 
EQUIVALENT INPUT NOISE (\V) 


THERMAL NOISE OF 
10K RESISTOR 


-1 
100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 
UPPER 3dB FREQUENCY 

TEMPERATURE (°C) LOWER 3dB FREQUENCY = 10Hz 


FIGURE 4. INPUT BIAS CURRENT AND OFFSET CURRENT vs FIGURE 5. BROADBAND NOISE CHARACTERISTICS 
TEMPERATURE 


3 LL - = 
” 
Z so ee u 6S 
oO a Ww 
r INE IN ft Go 9 
Q 60 a < 
x eee wu 
fe) = a. 
S 40 S = 
a = . 
9 5 
O 20 Qo & 
- = 
= < z 
i ra 
a 0 
fe) 
-20 
10Hz 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 100MHz 
FREQUENCY TEMPERATURE (°C) 
FIGURE 6. OPEN LOOP FREQUENCY RESPONSE FIGURE 7. INPUT IMPEDANCE vs TEMPERATURE, 100Hz 
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HA-2620, HA-2622, HA-2625 


Typical Performance Curves vs = +15V, Ta = 25°C, Unless Otherwise Specified (Continued) 


+20V SUPPLY 


+15V SUPPLY 
+10V SUPPLY 


OPEN LOOP VOLTAGE GAIN (dB) 


PEAK VOLTAGE SWING (+V) 


10Hz 100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 
FREQUENCY 


10kHz 100kHz 4MHz 10MHz 100MHz NOTE: External Compensation is required for closed loop gain < 5. 
If external compensation is used, also connect 100pF 


FREQUENCY 
capacitor from output to ground. 
FIGURE 8. OUTPUT VOLTAGE SWING vs FREQUENCY FIGURE 9. OPEN LOOP FREQUENCY RESPONSE FOR 
VARIOUS VALUES OF CAPACITORS FROM COMP. 
PIN TO GND 


Zu 
zac 
O wl 
Ee 

zi +20V SUPPLY oc i 
LU 

4 see as 

z = fe) 

c J 

a z 

fe) < 

= S 

z 

fe) 

= 

= 

ie) 

Oo 

SUPPLY VOLTAGE (+V) TEMPERATURE (°C) 
FIGURE 10. COMMON MODE VOLTAGE RANGE vs SUPPLY FIGURE 11. OPEN LOOP VOLTAGE GAIN vs TEMPERATURE 


VOLTAGE 


1000 10 


Ba | INPUT ee CURRENT | ||| 


SHS 


ase A 


100 1.0 


INPUT NOISE VOLTAGE (nV/VHz) 
INPUT NOISE CURRENT (pA/VHz) 


10 a eas VOLTAGE Hillis Tt LTT 0.1 
1 | | Il il 0.01 
1 10 100 10K 100K 


FREQUENCY a 
FIGURE 12. NOISE DENSITY vs FREQUENCY 
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HA-2620, HA-2622, HA-2625 


Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 

69 mils x 56 mils x 19 mils Type: Nitride (SigNq4) over Silox (SiOz, 5% Phos.) 

1750um x 1420um x 483um Silox Thickness: 12kA +2 

Nitride Thickness: 3.5kA +1.5kA 

METALLIZATION: 

Type: Al, 1% Cu TRANSISTOR COUNT: 

Thickness: 16kA +2kA 140 
SUBSTRATE POTENTIAL (Powered Up) PROCESS: 

Unbiased Bipolar Dielectric Isolation 


Metallization Mask Layout 
HA-2620, HA-2622, HA-2625 


= 
BAL = 
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“IN 
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Features 
Output Voltage Swing ............--..e eens +35V 
Supply VONAGE . «66k snes vewnsae wes +10V to +40V 
Offset Current 
Bandwidth 
Slew Rate 
Common Mode Input Voltage Range.......... +35V 


Output Overload Protection 


Applications 

¢ Industrial Control Systems 
Power Supplies 
High Voltage Regulators 
Resolver Excitation 


Signal Conditioning 
Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) PACKAGE 


HA2-2640-2 -55 to 125 |8 Pin Metal Can 


HA2-2645-5 0to75  |8 Pin Metal Can 
HA7-2640-2 -55to125 |8LdCERDIP F8.3A 
HA7-2645-5 0to75 |8LdCERDIP F8.3A 


Pinouts 


HA-2640/2645 
(CERDIP) 
TOP VIEW 


[> 


saa dl 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2904.2 


MARRS HA-2640, HA-2645 


November 1996 4MHz, High Supply Voltage Operational Amplifiers 


Description 


HA-2640 and HA-2645 are monolithic operational amplifiers 
which are designed to deliver unprecedented dynamic 
specifications for a high voltage internally compensated 
device. These dielectrically isolated devices offer very low 
values for offset voltage and offset current coupled with large 
output voltage swing and common mode input voltage. 


For maximum reliability, these amplifiers offer unconditional 
output overload protection through current limiting and a chip 
temperature sensing circuit. This sensing device turns the 
amplifier “off”, wnen the chip reaches a certain temperature 
level. 


These amplifiers deliver +35V common mode input voltage 
range, +35V output voltage swing, and up to +40V supply 
range for use in such designs as regulators, power supplies, 
and industrial control systems. 4MHz gain bandwidth and 
5V/us slew rate make these devices excellent components 
for high performance signal conditioning applications. 
Outstanding input and output voltage swings coupled with a 
low 5nA offset current make these amplifiers excitation 
designs. 


HA-2640/2645 
(METAL CAN) 
TOP VIEW 


(TO-99 CASE VOLTAGE = FLOATING) 
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OPERATIONAL 
AMPLIFIERS 


HA-2640, HA-2645 


Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- Terminals................... 100V Thermal Resistance (Typical, Note 1) Oya (°C/W) 86 JC (CW) 
Differential Input Voltage Range...................00 eee 37V GERDIP Packae .<ceccectraccee 135 50 
Output Current..................- Full Short Circuit Protection Metal Can Package............... 165 80 
. Maximum Junction Temperature... ............0 0c eee 175°C 

Operating Conditions Maximum Storage Temperature Range ......... -65°C to 150°C 
Temperature Range Maximum Lead Temperature (Soldering 10s)............ 300°C 

eer -55°C to 125°C 

HAO OAS-S: cccueaceevccasee teen ewes sans 0c 0°C to 75°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 6ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +40V, R, = 5kQ, Unless Otherwise Specified 


HA-2640-2 HA-2645-5 
° fs) ) ft) 
TEMP -55°C TO 125°C 0’C TO 75°C 


(°C) TYP TYP 


PARAMETER 
INPUT CHARACTERISTICS 
Offset Voltage 


TEST CONDITIONS 


Cc 
5 

| 

” 


25 
Full 
Full 
25 
Full 


Average Offset Voltage Drift 
Bias Current 


Ww] on] w 
S 
> 


Offset Current 
Full 


w no 

ro) on 
Ls \ 
2 < 


Input Resistance (Note 2) 


Full 


Ww 


Common Mode Range 
TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain 


Re 


i) nN 
on 
nico 
nN sake —_ 
on ne) 


ail as ee 
on poyo 


VouT = +30V 


< 


= an ary 


Full 
Full 


~N 


—_ 

= °o 
ATS 

ani no 

b oO ro} 
ro} o 


Common Mode Rejection Ratio | Von =+20V 


ie) 
oi 


Minimum Stable Gain 
Unity Gain Bandwidth 
OUTPUT CHARACTERISTICS 
Output Voltage Swing 


ie) 
=) 
3 

< 


alrinis 


< 
12) 
= 
a) 


Full +3 


on 


1+ 
=_ 
S) 
nm He 
wo on 


H+ 
ie) 
o1 


Output Current Ry = 1kQ 

Output Resistance Open Loop 

Full Power Bandwidth (Note 3) VouT = +35V 
TRANSIENT RESPONSE Ay = +1, C, = 50pF, Ry = 5kQ 
Vout = +200mV 


Vout = +200mV 


~ 


Ng + 
L — 
o = 
. ala 
onnTo 
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rm] OTH nm 
Sicl= So 
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uo 


Rise Time 
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oO 
ss 
aw 
on 


SI] 20 
a > 
” 


Overshoot 


ine) 
Ww 
I+ _ 
ory Oo 
Ww oaks 
Ww 


Slew Rate 
POWER SUPPLY CHARACTERISTICS 
Supply Current 


NO 
uo 


mA 
Full 
Full 


Supply Voltage Range 


i++ 
—_ 
Oo 
wo 
Nh 
H | ww 
+ 
Nia 
od 
ine) 
t+in 


Power Supply Rejection Ratio 
NOTES: 

2. This parameter is based upon design calculations. 

3. Full Power Bandwidth guaranteed based upon slew rate measurement: FPBW = S.R./27Vpeak; Vpeak = 35V. 


Vg = +10V to +40V 
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HA-2640, HA-2645 


Schematic Diagram 


5 8 COMP 7 
5 V+ 
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OPERATIONAL 
AMPLIFIERS 


e 5 
BAL 


Test Circuits and Waveform 


NOTE: Tested offset adjustment range is |Vos +1mVI minimum 
referred to output. Typical range is +20mV with Ry = 10kQ. 


FIGURE 1. SLEW RATE AND TRANSIENT RESPONSE TEST FIGURE 2. SUGGESTED Vos ADJUSTMENT AND 
CIRCUIT COMPENSATION HOOK UP 
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HA-2640, HA-2645 


Test Circuits and Waveform (continued) 


Vertical = 10V/Div., Horizontal = 5ys/Div. 


NOTE: Ry, = 5kQ, C, = 50pF, Ta = 25°C, Vg = +40V 
FIGURE 3. VOLTAGE FOLLOWER PULSE RESPONSE 


Typical Performance Curves vg = +40V, Ta = 25°C, Unless Otherwise Specified 


iN 
SEE 


1000 —— 


rool ia mat 


Ht oN a 
Seger oe aa 
a <0) | il 


= INPUT NOISE CURRENT 44130) 
sais, Sactrctn 


CURRENT (nA) 
= 
| UG 


10-— 0.1 


INPUT NOISE VOLTAGE (nV/VHz) 
INPUT NOISE CURRENT (pA/VHz) 


0 v 0.01 
50 --2 00 125 100 10K 100K 
TEMPERATURE a FREQUENCY 
FIGURE 4. INPUT BIAS AND OFFSET CURRENT vs FIGURE 5. INPUT NOISE CHARACTERISTICS 
TEMPERATURE 


OPEN LOOP VOLTAGE GAIN (dB) 
PHASE ANGLE (DEGREES) 


NORMALIZED VALUE REFERRED TO 25°C 


10 100 1K 10K 100K 1M 10M 
TEMPERATURE (°C) FREQUENCY (Hz) 


FIGURE 6. NORMALIZED AC PARAMETERS vs TEMPERATURE FIGURE 7. OPEN LOOP FREQUENCY RESPONSE 
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HA-2640, HA-2645 


Typical Performance Curves vg = +40V, Ta = 25°C, Unless Otherwise Specified (Continued) 


NORMALIZED VALUE REFERRED TO +30V 


Sey 


SUPPLY VOLTAGE (+V) 


FIGURE 8. NORMALIZED AC PARAMETERS vs SUPPLY 


OUTPUT VOLTAGE SWING (Vp.p) 


SUPPLY CURRENT (mA) 


VOLTAGE AT 25°C 


Vsuppcy = +40V 


VsuPPLy = +20V 


FREQUENCY (Hz) 


FIGURE 10. OUTPUT VOLTAGE SWING vs FREQUENCY 


SUPPLY VOLTAGE (+V) 


FIGURE 12. SUPPLY CURRENT vs SUPPLY VOLTAGE 


OPEN LOOP GAIN (dB) 


10 100 1K 10K 100K 1M 10M 
FREQUENCY (Hz) 
FIGURE 9. OPEN LOOP FREQUENCY RESPONSE FOR 


VARIOUS VALUES OF CAPACITORS FROM 
COMPENSATION PIN TO GROUND 


40 
Ay = 1, Vsuppty = +40V See noe ee 
Vin = +35V 30 ima im 
Nf | psec 


20 
Av=1,Vsuppry=t20V “| |_| Eves 
Vine +5V I 


-55°C| 25°C | 125°C | / 
20 \ -15 \ -do - f 
Wey 


OPERATIONAL 
AMPLIFIERS 


5 10 4 15 4 20 
40 125°C | 25°C | -55°C 
VEU AW ee Ay = 1, VsuppLy = +20V 
T_T fT Vin = -15 


if - 
-20 
Le 125°C l 
| 25°C - 
KX | a Ay = 1, Vsuppty = +40V 
Se Pk 


OUTPUT LOAD CURRENT (mA) 


OUTPUT VOLTAGE (V) 


FIGURE 11. OUTPUT CURRENT CHARACTERISTIC 


OUTPUT VOLTAGE SWING (+V) 


SUPPLY VOLTAGE (+V) 


FIGURE 13. OUTPUT VOLTAGE SWING vs SUPPLY VOLTAGE 
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HA-2640, HA-2645 


Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered Up): 
93 mils x 68 mils x 19 mils Unbiased 
Pee See eal TRANSISTOR COUNT: 
METALLIZATION: 
76 
Type: Al, 1% Cu ; 
Thickness: 16kA +2kA enna 
PASSIVATION: HV200 Bipolar Dielectric Isolation 


Type: Nitride (SigN4) over Silox (SiOz, 5% Phos.) 
Silox Thickness: 12kA +2 
Nitride Thickness: 3.5kA +1.5kA 


Metallization Mask Layout 


HA-2640, HA-2645 


fina COMP 


V+ 


OUT 
+IN 


SOSYEAGI 


v- BAL 
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November 1996. 
© LOW SODDIY CULPON, sé vccireceacsvcenscvnns 13mA 
e Very High Slew Rate .............00e eens 625V/us 
© Open LOG GO. cas ccwincisdsdeuekawees es 25kV/V 
e Wide Gain-Bandwidth (Ay > 10)............ 600MHz 
e Full Power Bandwidth ............0..eeeees 10MHz 
e Low Offset Voltage. ...........0cc ee eeneeees 0.6mV 
¢ Differential Gain/Phase......... 0.03%/0.03 Degrees 


¢ Enhanced Replacement for EL2039 


Applications 

e Pulse and Video Amplifiers 

e Wideband Amplifiers 

¢ High Speed Sample-Hold Circuits 


e¢ RF Oscillators 


Pinout 


Description 


The HA-2839 is a wideband, very high slew rate, operational 
amplifier featuring superior speed and bandwidth character- 
istics. Bipolar construction, coupled with dielectric isolation, 
delivers outstanding performance in circuits with a closed 
loop gain of 10 or greater. 


A 625V/us slew rate and a 600MHz gain bandwidth product 
ensure high performance in video and RF amplifier designs. 
Differential gain and phase are a low 0.03% and 0.03 
degrees respectively, making the HA-2839 ideal for video 
applications. A full +10V output swing, high open loop gain, 
and outstanding AC parameters, make the HA-2839 an 
excellent choice for high speed Data Acquisition Systems. 


The HA-2839 is available in commercial and_ industrial 
temperature ranges, and a choice of packages. For military 
grade product, refer to the HA-2839/883 data sheet. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 
HA1-2839-5 14 Ld CERDIP F14.3 


HA3-2839-5 0 to 75 14 Ld PDIP E143 
HA3-2839-9 -40to85 |14Ld PDIP E14.3 


HA-2839 
(CERDIP, PDIP) 
TOP VIEW 


-IN 
13] NC 
12] NC 
41] NC 
10] V+ 
fa] NC 
8] out 


NOTE: No Connection (NC) pins may be tied to a ground 
plane for better isolation and heat dissipation. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 
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Gg FARRIS 


SEMICONDUCTOR 


HA-2840 


600MHz, Very High Slew Rate 
November 1996 Operational Amplifier 


Features 


Low Supply Current 

Very High Slew Rate 

Open Loop Gain 

Wide Gain-Bandwidth (Ay = 10) 
Full Power Bandwidth 


Low Offset Voltage. .......... 00 cece eee e eee 0.6mV 
Differential Gain/Phase 0.03%/0.03 Degrees 


Enhanced Replacement for EL2039 


Applications 


¢ Pulse and Video Amplifiers 

e Wideband Amplifiers 

¢ High Speed Sample-Hold Circuits 
e RF Oscillators 


Pinouts 


HA-2840 
(CERDIP, PDIP, SOIC) 
TOP VIEW 


Description 


The HA-2840 is a wideband, very high slew rate, operational 
amplifier featuring superior speed and _ bandwidth 
characteristics. Bipolar construction, coupled with dielectric 
isolation, delivers outstanding performance in circuits with a 
closed loop gain of 10 or greater. 


A 625V/us slew rate and a 600MHz gain bandwidth product 
ensure high performance in video and RF amplifier designs. 
Differential gain and phase are a low 0.03% and 0.03 
degrees respectively, making the HA-2840 ideal for video 
applications. A full +10V output swing, high open loop gain, 
and outstanding AC parameters, make the HA-2840 an 
excellent choice for high speed Data Acquisition Systems. 


The HA-2840 is available in commercial and _ industrial 
temperature ranges, and a choice of packages. See the 
“Ordering Information” below for more information. For mili- 
tary grade product, refer to the HA-2840/883 data sheet. 


Ordering Information 


PART NUMBER TEMP. 

(BRAND) RANGE (°C) 

HA3B2840-5 0 to 75 14 Ld PDIP 
HA3-2840-5 0to75 |8LdPDIP 


HA9P2840-5 0to75  |8LdSOIC M8.15 
(H28405) 


E14.3 


HA3B2840-9 -40to85 |14Ld PDIP E14.3 
HA7-2840-9 -40to85 |8LdCERDIP F8.3A 
HA3-2840-9 -40to85 |8LdPDIP 


HA-2840 
(PDIP) 
TOP VIEW 


NOTE: No Connection (NC) pins may be tied to a ground plane for better isolation and heat dissipation. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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File Number 2842.2 


HA-2840 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals ..................-. 35V 
Dinerental Input VOUAGG: ..csccenisesvscavdueseeraeanees 6V 
OURO GION oo ac ogo od ee nee eGR ok oR 45E RTE GEARS 50mA 


Operating Conditions 
Temperature Range 


HA-2840-5. . 0. occu wen cswuwwsunecennceseues 0°C 0 75°C 
HA-2840-9.... 00... e cece cence eens -40°C to 85°C 
Recommended Supply Voltage Range............. +7V to +15V 


Thermal Information 


Thermal Resistance (Typical, Note 2) Oya (CCIW) 8jc (CCW) 


14 Lead PDIP Package «ic cacce ct cwes 80 N/A 
8 Lead CERDIP PackSde 2.022088 e% 135 50 
8 Lead PDIP Package 2. .ssccekercces 96 N/A 
8 Lead SOIC Package............... 157 N/A 


Maximum Internal Quiescent Power Dissipation (Note 1) 


Maximum Junction Temperature (Ceramic Package) ....... 175°C 
Maximum Junction Temperature (Plastic Package) ....... 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............ 500°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Maximum power dissipation with load conditions must be designed to maintain the maximum junction temperature below 175°C for 


ceramic packages and below 150°C for plastic packages. 


2. Oya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy =+15V, Ry = 1kQ, Cy < 10pF, Unless Otherwise Specified 


PARAMETER 
INPUT CHARACTERISTICS 
Offset Voltage (Note 8) 


Average Offset Voltage Drift 
Bias Current (Note 8) 


Offset Current 


Input Capacitance 

Common Mode Range 

Input Noise Voltage (Note 8) 

Input Noise Current (Note 8) 
TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain 
Common-Mode Rejection Ratio (Note 8) Vom = +10V 
Gain Bandwidth Product (Note 8) 
OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 8) 
Output Current (Note 8) 

Output Resistance 

Full Power Bandwidth (Note 4) 
Differential Gain (Note 7) 
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TEST CONDITIONS 


f = 1kKHz, Rsource = 02 
= 10kQ 
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Vo = 90mV, Ay = +100 


HA-2840-5, -9 


TEMP (°C) TYP UNITS 
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HA-2840 


Electrical Specifications Vsyppyy = +15V, Ry = 1kQ, C, < 10pF, Unless Otherwise Specified (Continued) 


HA-2840-5, -9 
PARAMETER TEMP (°C) 


TEST CONDITIONS | MIN | TYP | MAX | UNITS 


TRANSIENT RESPONSE (Note 5) 
SA RASA 


Rete CCS: 
a 


Supply Current (Note 8) 


Power Supply Rejection Ratio (Note 8) Vs = +10V to +20V 


3. Rp = 1kQ, Vo = +10V, OV to +10V for slew rate. 


Slew Rate — 


. Full Power Bandwidth guaranteed based on slew rate measurement using: FPBW = : (VbEaAK = 10V). 


: tae eV DEAK 
5. Refer to Test Circuit section of data sheet. 

6. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 
7. Differential gain and phase are measured with a VM700A video tester, using a NTC-7 composite VITS. 

8. See “Typical Performance Curves” for more information. 


Test Circuits and Waveforms 


” OUT 


9. Vo =+15V. 
10. Ay = +10. 
11. CL < 10pF. = 

TEST CIRCUIT 


. SSNAAARRRARRARARRARRARRRRRRRRRRERRRRRARARARARRARARRRRRARRR Ura 


Qe s“$seeAAAQQONOQQO GRANGE! 


INPUT sive . eC . . ETT EO 5 + NAAR AA RR Rana nnnnneennnnnnnnnnng 
Sy . . . 


INPUT Se SSANAS eS TRSS REESE RSNA ONE SEAN en nneeente ce as RNY 
s 


ers a \QQSSSSEEEE RRR see . * 
: : * : ws ‘ 
OUTPUT NNAANAAAAAAAAAAAARARRANAARRRRRR a cent cane une nega ee ann sean euueaeesacteneemeacekeah NS aaaaannnnnnhannnnnnnnnn 
: : Fiat deity : 


Input=1V/Div. 


Speen cere 


Input = 10mV/Div. 


Output = 5V/Div. Output = 100mV/Div. 
50ns/Div. 50ns/Div. 
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
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HA-2840 


Test Circuits and Waveforms (continued) 


V+ 0.001 uF NOTES: 
12. Ay =-10. 
13. Load Capacitance should be less than 10pF. 


14. itis recommended that resistors be carbon composition 


INPUT © > OUTPUT and that feedback and summing network ratios be 


matched to 0.1%. 
ORE 15. SETTLING POINT (Summing Node) capacitance should 
L be less than 10pF. For optimum settling time results, it is 


= recommended that the test circuit be constructed directly 
onto the device pins. A Tektronix 568 Sampling 
Oscilloscope with S-3A sampling heads is recommend- 


ed as a Settle point monitor. 
SETTLING 
POINT * 


SETTLING TIME TEST CIRCUIT 


Typical Performance Curves Tz = 25°C, Vsuppty = +15V, Ri = 1k, CL < 10pF, Unless Otherwise Specified 
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FIGURE 1. FREQUENCY RESPONSE FOR VARIOUS GAINS FIGURE 2. GAIN BANDWIDTH PRODUCT vs SUPPLY VOLTAGE 
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HA-2840 


Typical Performance Curves Ta = 25°C, Vsyppiy = +15V, Ry. = 1kQ, Cy < 10pF, Unless Otherwise Specified (Continued) 
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FIGURE 5. PSRR vs FREQUENCY 
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TEMPERATURE (°C) 


FIGURE 7. SLEW RATE vs TEMPERATURE 
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FIGURE 9. INPUT OFFSET VOLTAGE AND INPUT BIAS 
CURRENT vs TEMPERATURE 
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FIGURE 6. INPUT NOISE vs FREQUENCY 


SLEW RATE (V/us) 


SUPPLY VOLTAGE (+V) 


FIGURE 8. SLEW RATE vs SUPPLY VOLTAGE 


SUPPLY CURRENT (mA) 
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FIGURE 10. SUPPLY CURRENT vs SUPPLY VOLTAGE 


3-270 


HA-2840 


Typical Performance Curves Tp = 25°C, Vsuppry = +15, Ry = 1kQ, C, < 10pF, Unless Otherwise Specified (Continued) 
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FIGURE 11. POSITIVE OUTPUT SWING vs TEMPERATURE FIGURE 
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FIGURE 13. 
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a 
ert 


20 40 60 
TEMPERATURE (°C) 


12. NEGATIVE OUTPUT SWING vs TEMPERATURE 


OPERATIONAL 
AMPLIFIERS 


10M 
FREQUENCY (Hz) 


FIGURE 14. TOTAL HARMONIC DISTORTION vs FREQUENCY 


So 


FREQUENCY (TWO TONE) 


Die Characteristics 


DIE DIMENSIONS: 


65 mils x 52 mils x 19 mils 
1650um x 1310um x 483um 


METALLIZATION: 


Type: Aluminum, 1% Copper 
Thickness: 16kA +2 


PASSIVATION: 


Type: Nitride over Silox 
Silox Thickness: 12kA +2kA 
Nitride thickness: 3.5kA +7 kA 


Metallization Mask Layout 


HA-2840 


SUBSTRATE POTENTIAL (Powered Up): 
\- 

TRANSISTOR COUNT: 
34 

PROCESS: 


High Frequency Bipolar Dielectric Isolation 


HA-2840 
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w WARS HA-2841 


50MHz, Fast Settling, Unity Gain Stable, 
November 1996 Video Operational Amplifier 


Features Description 


Low Supply Current The HA-2841 is a wideband, unity gain stable, operational 
Low AC Variability Over Process and Temperature amplifier featuring a 50MHz unity gain bandwidth, and excellent 
Unity Gain Bandwidth DC specifications. This amplifiers performance is further 
Gain Flatness to 10MHz enhanced through stable operation down to closed loop gains of 

. +1, the inclusion of offset null controls, and by its excellent video 
High Slew Rate 


performance. 
Low Offset Voltage 
Fast Settling Time (0.1%) The capabilities of the HA-2841 are ideally suited for high speed 


, ‘ ; ulse and video amplifier circuits, where high slew rates and 

Differential Gain/Phase 0.03°0/0.03 Degrees wide bandwidth are required. Gain flatness of 0.0508, combined 

Enhanced Replacement for AD841 and EL2041 with differential gain and phase specifications of 0.03%, and 0.03 

A pplications degrees, respectively, make the HA-2841 ideal for component 
and composite video applications. 


° rues ane shaaiini amples A zener/nichrome based reference circuit, coupled with 
* Wideband Amplifiers oo advanced laser trimming techniques, yields a supply current with 
¢ High Speed Sample-Hold Circuits a low temperature coefficient and low lot-to-lot variability. Tighter 
e Fast, Precise D/A Converters loc control translates to more consistent AC parameters 
e High Speed A/D Input Buffer ensuring that units from each lot perform the same way, and 
. easing the task of designing systems for wide temperature 

Ordering Information ranges. Critical AC parameters, Slew Rate and Bandwidth, each 
vary by less than +5% over the industrial temperature range (see 


PART NUMBER ee characteristic curves). 
(BRAND) RANGE (°C) 
For military grade product, refer to the HA-2841/883 data 
HA3B2841-5 0 to 75 14Ld PDIP E14.3 ; 
ee Ce Eiae sheet. Harris AnswerFAX (407 724-7800), document num- 
HA3-2841-5 0to75 |8LdPDIP E83 | ber 3621. 


OPERATIONAL 
AMPLIFIERS 


HA9P2841-5 0to75 |8LdSOIC 
(H28415) 
HA3B2841-9 -40to85 |14Ld PDIP E143 3 


HA3-2841-9 -40to85 |8LdPDIP 
(H28415) 


Pinouts 


HA-2841 HA-2841 
(PDIP) (PDIP, SOIC) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2843.2 
Copyright © Harris Corporation 1996 3-073 


HA-2841 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals.................05. 35V 
Differential Input Voltage... 2.6... eee ee 6V 
CAOUt COrent (NOG 3) icc et cca eene wee ees eaweawew en 50mA 
10mA (50% Duty Cycle) 
Operating Conditions 
Temperature Range 
HA-2841-5. 00. es 0°C to 75°C 
PE, wards os ausnnapsyarevs saenrnenve -40°C to 85°C 
Recommended Supply Voltage Range............ +6.5V to +15V 


Thermal Information 


Thermal Resistance (Typical, Note 2) 8 ya (°C/W) 

14 Ligad PDIP PaChAGS .s.c00ccanideseevaszeaaa 89 

8 Lead PDIP PACKAGG «ic seeweneeweceenns saws 92 

S Lead SOIC Package... .:.ssscceesacaseeers 157 
Maximum Junction Temperature (Die, Note 1).............. 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Maximum power dissipation, including output load, must be designed to maintain the maximum junction temperature below 150°C for 


plastic packages. 


2. 8ya is measured with the component mounted on an evaluation PC board in free air. 


3. Vo = +10V, Ry unconnected. Output duty cycle must be reduced if Iqgy7 >10mA. 


Electrical Specifications Vsyppyy = +15V, Ry = 1kQ, C, < 10pF, Unless Otherwise Specified 


INPUT CHARACTERISTICS 
Offset Voltage (Note 10) 


Average Offset Voltage Drift 
Bias Current (Note 10) 


Average Bias Current Drift 
Offset Current 


Input Resistance 
Input Capacitance 
Common Mode Range 


Input Noise Voltage 


Input Noise Voltage (Note 10) = 
Input Noise Current (Note 10) = 
TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain 


Common-Mode Rejection Ratio (Note 10) =| Von =+10V 


Minimum Stable Gain 

Gain Bandwidth Product (Notes 5, 10) 
Gain Flatness to 5MHz (Note 10) 
Gain Flatness to 10MHz (Note 10) 
OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 10) 
Output Current (Note 10) 

Output Resistance 

Full Power Bandwidth (Note 6) 


Vo = +10V 


TEMP. 
PARAMETER TEST CONDITIONS a UNITS 


f = 1kKHz, Rsource = 02 


10Hz to 1MHz 


Oo 
© o1 [| 
= < 
Iie 


Vo = +10V 


f = 1kHz, RsourRceE = 10kQ 


Ri > 752 
R, > 5002 


SB 


HA-2841-5, -9 


25 
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HA-2841 


Electrical Specifications = Vsyppyy = +15V. Ry, = 1kQ, C, < 10pF, Uniess Otherwise Specitied (Continued) 


eka HA-2841-5, -9 
PARAMETER TEST CONDITIONS (°c) | MIN | TYP | MAX | UNITS 


[BierentarGan Noe) ‘wes —SSSCSCS~—~—S ws TC | 
DifereniaiPrase Wote1a)__‘|noes —————S—~d S| (id (os | (ear | 
TRANSIENT RESPONSE (Note 7) 
eotime CdS ne 
Cn =< 

cal 

a 


Settling Time 10V Step to 0.1% a ee 


POWER REQUIREMENTS 


OT 


NOTES: 
4. Differential gain and phase are measured with a VM700A video tester, using a NTC-7 composite VITS. Re = Ry = 1kQ, Ry = 700Q. 


5. Ayc_ = 1000, Measured at unity gain crossing. 
Slew Rate 


. Full Power Bandwidth guaranteed based on slew rate measurement using FPBW = 
eT DEAK 


7 (Vpeak = 10V) - 
7. Refer to Test Circuit section of data sheet. 

8. VsuppLy = +10V to +20V. 

9. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 
0 


. See “Typical Performance Curves” for more information. 


Test Circuits and Waveforms 


IN OUT NOTES: 
11. Vo =+15V. 
1kQ 
12. Ay =+1. 
— 13. CL < 10pF. 


TEST CIRCUIT 


SNES OT eNO SORE RSENS eer ee RRO Rte mene ri nn ReNi wee ee ebb eteb ree sereanmen salsa ance 


. NRRL wiRsew ra awsseas wos <> gaAARANAARAAARRRAAARSARARSAARRROAARRAAAS ARK AAARARAARARRARE 


NOC Sete Cet Seth See teen Lovet Tent Senne erry 


INPUT poseaaaneanaianennnnannganentseess 6, Cae e ike won t Oeteuatees ates Cae RQ INPUT SS e' PM er naneneet ae ve ceane re SARE RRRRRR ARRAN 


N 


‘ AISA A$QHAANAQQAQGNMQQPAWANOQACMRNREERRE Wan “ty SYP NNSNRHNNNNNNHANNANANHAANAIANLENNANNANNNN Say 


s i : % : : N a : OUTPUT SASSNASSARAARAAASARRAAAARSARRNAANNSE Ecce i Sx salgcans Fait BYES aerate ae REDE CORE EN a 
OUTPUT SAREASAAARAAARARAASRRRARRNRANRARRRNES GEE SE GE En eee eRe et pe eae enh ea eae ees RRNA ARAN RRR ; x : N RE | : ~ 


Input = 5V/Div. Input = 100mV/Div. 
Output = 5V/Div. Output = 100mV/Div. 
50ns/Div. 50ns/Div. 

LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
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OPERATIONAL 


AMPLIFIERS 


HA-2841 


Test Circuits and Waveforms (continued) 


SETTLING 
POINT 


Vine 


SETTLING TIME TEST CIRCUIT 


NOTES: 

14. Ay=-1. 

15. Load Capacitance should be less than 10pF. 

16. Feedback and summing resistors must be matched to 0.1%. 
17. Tektronix P6201 FET probe used at settling point. 

18. HP5082-2810 clipping diodes recommended. 


9 OUT 


SUGGESTED OFFSET VOLTAGE ADJUSTMENT 


Typical Applications (Also see Application Note AN550) 


Application 1 - High Power Amplifiers and Buffers 


High power amplifiers and buffers are in use in a wide variety 
of applications. Many times the “high power’ capability is 
needed to drive large capacitive loads as well as low value 
resistive loads. In both cases the final driver stage is usually 
a power transistor of some type, but because of their inher- 
ently low gain, several stages of pre-drivers are often 
required. The HA-2841, with its 15mA output rating, is pow- 
erful enough to drive a power transistor without additional 
stages of current amplification. This capability is well demon- 
strated with the high power buffer circuit in Figure 1. 


The HA-2841 acts as the pre-driver to the output power tran- 
sistor. Together, they form a unity gain buffer with the ability 
to drive three 50Q coaxial cables in parallel, each with a 
capacitance of 2000pF. The total combined load is 16.6Q 
and 6000pF capacitance. 


532pF 


+ R2 
HA-2841 
1K 
Rs yp2835 


=> LOAD 16.62; 6000pF 
OR 12.52; 6000pF 


502 


2N5886 


FIGURE 1. DRIVING POWER TRANSISTORS TO GAIN 
ADDITIONAL CURRENT BOOSTING 


Application 2 - Video 


One of the primary uses of the HA-2841 is in the area of 
video applications. These applications include signal con- 
struction, synchronization addition and removal, as well as 
signal modification. A wide bandwidth device such as the 
HA-2841 is well suited for use in this class of amplifier. This, 


however, is a more involved group of applications than ordi- 
nary amplifier applications since video signals contain pre- 
cise DC levels which must be retained. 


The addition of a clamping circuit restores DC levels at the 
output of an amplifier stage. The circuit shown in Figure 2 
utilizes the HA-5320 sample and hold amplifier as the DC 
clamp. Also shown is a 3.57MHz trap in series, which will 
block the color burst portion of the video signal and allow the 
DC level to be amplified and restored. 


FIGURE 2. VIDEO DC RESTORER 


Prototyping Guidelines 


For best overall performance in any application, it is recom- 
mended that high frequency layout techniques be used. This 
should include: 

1. Mounting the device through a ground plane. 

2. Connecting unused pins (NC) to the ground plane. 


3. Mounting feedback components on Teflon standoffs 
and/or locating these components as close to the device 
as possible. 


4. Placing power supply decoupling capacitors from device 
supply pins to ground. 
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HA-2841 


Typical Performance Curves Tp = 25°C, Vsyppry = +15V, Ri = 1kQ, C_ < 10pF, Unless Otherwise Specified 
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FIGURE 3. FREQUENCY RESPONSE FOR VARIOUS GAINS FIGURE 4. GAIN BANDWIDTH PRODUCT vs SUPPLY VOLTAGE 
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HA-2841 


Typical Performance Curves Ta = 25°C, Voyppry = +15V, Ry = 1kQ, Cy < 10pF, Unless Otherwise Specified (Continued) 
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FIGURE 11. INPUT OFFSET VOLTAGE AND INPUT BIAS FIGURE 12. SUPPLY CURRENT vs SUPPLY VOLTAGE 


CURRENT vs TEMPERATURE 
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FIGURE 13. POSITIVE OUTPUT SWING vs TEMPERATURE FIGURE 14. NEGATIVE OUTPUT SWING vs TEMPERATURE 
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HA-2841 


Typical Performance Curves 1, = 25°C, Vsyppry = £15V, Ri = 1k®, C, < 10pF, Unless Otherwise Specified (Continued) 
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OPERATIONAL 
AMPLIFIERS 


THIRD INTERMOD PRODUCT (dBc) 
DIFFERENTIAL GAIN (%) 


"400 200 300 400 500 600 700 800 900 1000 
FREQUENCY (Hz) LOAD RESISTANCE (Q) 


FIGURE 17. INTERMODULATION DISTORTION vs FREQUENCY FIGURE 18. DIFFERENTIAL GAIN vs LOAD RESISTANCE 
(TWO TONE) 


DIFFERENTIAL PHASE (DEGREES) 
GAIN FLATNESS (+dB) 
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FIGURE 19. DIFFERENTIAL PHASE vs LOAD RESISTANCE FIGURE 20. GAIN FLATNESS vs FREQUENCY 
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Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered Up): 
77 mils x 81 mils x 19 mils \- 
MEOH & ESCA SOS TRANSISTOR COUNT: 
METALLIZATION: 43 
. j ° 
Type: Aluminum, 1% Copper PROCESS: 


Thickness: 16kA +2 
PASSIVATION: High Frequency Bipolar Dielectric Isolation 


Type: Nitride over Silox 
Silox Thickness: 12kA +2kA 
Nitride thickness: 3.5kA +7 kA 


Metallization Mask Layout 
HA-2841 


BAL BAL 


V+ 


OUT 


+IN 
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FARRIS 


SEMICONDUCTOR 


aD 


November 1996 


HA-2842 


80MHz, High Slew Rate, High Output Current, 


Video Operational Amplifier 


Features 


Stable at Gains of 2 or Greater 
e Low AC Variability Over Process and Temperature 


Description 


The HA-2842 is a wideband, high slew rate, operational 
amplifier featuring an outstanding combination of speed, 


¢ Gain Bandwidth ............. 2.0 ce cena eee 80MHz bandwidth, and output drive capability. This amplifier's 

© Gain Flatness to 10MHz..........cccecee. 0.035dB «~Peformance is further enhanced through stable operation 

° Hiah Slew Rat 400V/ down to closed loop gains of +2, the inclusion of offset null 
fre et KEELE ENG Renee ae i controls, and by its excellent video performance. 

e High Output Current (Min).............00048. 100mA 

* Differential Gain/Phase......... 0.02900.03 Degrees. 'P° Sapanililies af Wie NAse64e are teally sulted for high 

* Low Supply Current (Max) ...........sees0e. 15mA speed cable driver circuits, where low closed loop gains and 


e Enhanced Replacement for AD842 


Applications 


¢ Pulse and Video Amplifiers 

e Wideband Amplifiers 

¢ Coaxial Cable Drivers 

e Fast Sample-Hold Circuits 

¢ High Frequency Signal Conditioning Circuits 


Ordering Information 
PART NUMBER TEMP. 
(BRAND) RANGE (°C) 
HA3B2842-5 14.Ld PDIP E14.3 
HAS-2042-5 8 LIPDIP 


HA9P2842-5 0to75 |8LdSOIC M8.15 
(H2842F5) 


HA3-2842C-5 0 to 75 8 Ld PDIP E8.3 


HA9P2842C-5 0to75 |8LdSOIC M8.15 
(H2842C5) 

HA3B2842-9 -40to85 |14Ld PDIP E14.3 
HA3-2842-9 -40to85 |8Ld PDIP 


high output drive are required. With a 6MHz full power 
bandwidth, this amplifier is well suited for high frequency 
signal conditioning circuits and video amplifiers. Gain 
flatness of 0.035dB, combined with differential gain and 
phase specifications of 0.02%, and 0.03 degrees, 
respectively, make the HA-2842 ideal for component and 
composite video applications. 


A zener/nichrome based reference circuit, coupled with 
advanced laser trimming techniques, yields a supply current 
with a low temperature coefficient and low lot-to-lot variability. 
For example, the average Icc variation from 85°C to -40°C is 
<600HA (42%), while the standard deviation of the Icc 
distribution is <0.1mA (0.8%) at 25°C. Tighter I¢¢ control 
translates to more consistent AC parameters ensuring that 
units from each lot perform the same way, and easing the task 
of designing systems for wide temperature ranges. Critical AC 
parameters, Slew Rate and Bandwidth, each vary by less 
than +5% over the industrial temperature range (see Typical 
Performance Curves). 


The HA-2842C is the same amplifier with a compensation pin 
available to the user. By connecting a capacitor from pin 8 to 
GND, the HA-2842C can be compensated for unity gain oper- 
ation, or the bandwidth can be limited to reduce total noise. 


Pinouts 
HA-2842 HA-2842 HA-2842C 
(PDIP) (PDIP, SOIC) (PDIP, SOIC) 
TOP VIEW TOP VIEW TOP VIEW 


BAL | 1| 
-IN | 2| 
+IN | 3] 

v- & 


18 | BAL 
V+ 
6] OUT 
Ss] NC 


OPERATIONAL 


AMPLIFIERS 


| 
CY: 


NOTE: No Connection (NC) pins may be tied to a ground plane for better isolation and heat dissipation. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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File Number 2766.4 


HA-2842 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals.................04. 35V 
Differential Input Voltage... ........ 0.0... eee eee ee 6V 
Output Current (Notes 3, 4) ........... 0.0.0.0. c cee eee 125mA 


100mA (50% Duty Cycle) 


Operating Conditions 
Temperature Range 


PEt es ck we dh kor eeeneb eee wern seen ens 0°C to 75°C 
WG 5a cane 9ese85neyeonesenesreus -40°C to 85°C 
Recommended Supply Voltage Range............+6.5V to +15V 


Thermal Information 


Thermal Resistance (Typical, Note 2) Oya (°C/W) 

14-1680 PDIP PACKAOG «xix cccdacsaaaraasenns 89 

8 Lead PDIP Package..........cessevenncvees 92 

S Lead SOIC Package... as .csceavsaeesssencns 157 
Maximum Junction Temperature (Die).................... 175°C 
Maximum Junction Temperature (Plastic Package, Note 1) .... 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 


Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Maximum power dissipation, including output load, must be designed to maintain the maximum junction temperature below 150°C for 
plastic packages. By using Application Note AN556 on Safe Operating Area equations, along with the packaging thermal resistances 
listed in the Operating Conditions section, proper load conditions can be determined. 


2. 8ja is measured with the component mounted on an evaluation PC board in free air. 


3. Vo =+5V, R, Unconnected, Duty cycle < 50%. For information about using high output current amplifiers, please refer to Application Note 
AN556 (Thermal Safe-Operating-Areas For High Current Op Amps), and the “Power Dissipation Considerations” section in the “Applica- 


tion Information” section of this datasheet. 


4. Maximum continuous (100% Duty Cycle) output current is 50mA. For currents >50mA, Duty Cycle must be derated accordingly. 


Electrical Specifications Vsyppyy = +15V, Ry = 1kQ, C, < 10pF, Unless Otherwise Specified 


PARAMETER 
INPUT CHARACTERISTICS 
Offset Voltage (Note 10) 


ara) ee —~;j— a |} adhe 


Average Offset Voltage Drift 
Bias Current (Note 10) 


Average Bias Current Drift 
Offset Current 


Average Offset Current Drift 

Input Resistance 

Input Capacitance 

Common Mode Range 

Input Noise Voltage 

Input Noise Voltage Density 

Input Noise Current (Note 10) 
TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain 


= +10V 
Common-Mode Rejection Ratio (Note 10) = +10V 
Minimum Stable Gain 

Gain Bandwidth Product (Note 10) 
Gain Flatness to 10MHz (Note 10) 
OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note, 10) 
Output Current (Note 10) 


= 100 
Ry > 75Q 


> < < 
< oO O 
8) |2) 
offal 
oy Ot oO Oo 


=1t10V 
Note 3 


HA-2842-5, -9 
TEST CONDITIONS TEMP (°C)| MIN | TYP | MAX | UNITS 


a 


10Hz to 1MHz 25 
f = 1kHz, Rsource = 02 25 


Far 
es 
Ce 
[Far 
es 
a. 
eS 
a 
eS 
eS 
a 
a 


< 
Oo 
; 


iD?) 
je) 


+10 


= 
oO 


Full 
Full 


30 


+0.035 


o1 
— 
— 
Oo oO 


Full 
Full 


+10 
100 


1 


fe 
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Electrical Specifications Voypp,y = +15V, Ry, = 1kQ, C, < 10pF, Unless Otherwise Specified (Continued) 


HA-2842-5, -9 
PARAMETER TEST CONDITIONS TEMP (°C)| MIN | TYP | MAX | UNITS 


fOuiutResstance——SSSSC~sSC“‘;SNSCOCCCCdYT SO] Ud] oh | OT 
Differential Phase (Note 10) Note5 ET 0.03 | = | Degrees | 
—a 


Harmonic Distortion (Note 10) Vo = 2Vp-p, f = 1MHz, Ay = 2 >81 


TRANSIENT RESPONSE (Note 7) 


Rise Time 


Slew Rate (Notes 9, 10) 


Settling Time 10V Step to 0.1% | = tO 


POWER REQUIREMENTS 
Supply Current (Note 10) 


Nh 
on 


Power Supply Rejection Ratio (Note 10) 
NOTES: 
5. Differential gain and phase are measured with a VM700A video tester, using a NTC-7 composite VITS. Re = Ry = 1kQ, Ry = 7002. 


6. Full Power Bandwidth guaranteed based on slew rate measurement using FPBW = Seer : Vpeak= 10V. 

7. Refer to Test Circuits section of this data sheet. PEAK 

8. Voyppiy = +10V to +20V. 

9. This parameter is not tested. The limits are guaranteed based on lab characterization and reflect lot-to-lot variation. 
10. See “Typical Performance Curves” for more information. 


Test Circuits and Waveforms 


_ OUT 
=a NOTES: 
11. Vg = +15V. 
500Q 12. Ay = +2. 
13. C, <10pF 
TEST CIRCUIT 
INPUT NAAARRARRARARRARARAARARARRAARRARARE § 5S mes Seeees srSseeastanneend wasene i. +o RAR RRRRA ARR nnnnnnnnnnnng ‘ ~ ataaaannnnannncennnaonsnnacaansannaseadensanenenennens 
LN UT ee aaa ee ~Desngannnnnnnnnrennnennnnnnnnss 
Ne _ 
OUTPUT i eas seibiectianomaais aku snon Ee SO yin cere nt 4 ; OUTPUT Pa em at ssbenseece ark, Es sai “f * sare wucs sil Disease 
Input = 5V/Div., Output = 5V/Div., 50ns/Div. Input = 100mV/Div., Output = 100mV/Div., 50ns/Div. 
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
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Test Circuits and Waveforms (continued) 


» SETTLING 
POINT 


SETTLING TIME TEST CIRCUIT 


V- 
SUGESTED OFFSET VOLTAGE ADJUSTMENT 


NOTES: 

14. Ay =-2. 

15. Feedback and summing resistors must be matched (0.1%). 
16. HP5082-2810 clipping diodes recommended. 

17. Tektronix P6201 FET probe used at settling point. 


18. For 0.01% settling time, heat sinking is suggested to reduce ther- 
mal effects and an analog ground plane with supply decoupling 
is suggested to minimize ground loop errors. 


9 OUT 


Application Information 


The Harris HA-2842 is a state of the art monolithic device 
which also approaches the “ALL-IN-ONE” amplifier concept. 
This device features an outstanding set of AC parameters 
augmented by excellent output drive capability providing for 
suitable application in both high speed and high output drive 
circuits. 


Primarily intended to be used in balanced 500 and 752 
coaxial cable systems as a driver, the HA-2842 could also be 
used as a power booster in audio systems as well as a 
power amp in power supply circuits. This device would also 
be suitable as a small DC motor driver. 


Prototyping Guidelines 


For best overall performance in any application, it is recom- 
mended that high frequency layout techniques be used. This 
should include: 


1. Mounting the device through a ground plane. 

2. Connecting unused pins (NC) to the ground plane. 

3. Mounting feedback components on Teflon standoffs 
and/or locating these components as close to the device 
as possible. 

4. Placing power supply decoupling capacitors from device 
supply pins to ground. 


Power Dissipation Considerations 


At high output currents, especially with the 8 lead SOIC package, 
care must be taken to ensure that the Maximum Junction 
Temperature (Ty, see “Absolute Maximum Ratings” table) isn’t 
exceeded. As an example consider the HA-2842 in the SOIC 


package, with a required output current of 50mA at Vout = 10V 
with +15V supplies. The power dissipation is the quiescent power 
(450mW = 30V x 15mA) plus the power dissipated in the output 
stage (Poyt = 250mW = 50mA x (15V- 10V)), or a total of 
700mW. The thermal resistance (8j,) of the SOIC package is 
157°CM, which increases the junction temperature by 110°C 
over the ambient temperature (Ta). Remaining below Tjnjax 
requires that Ta be restricted to < 40°C (150°C - 110°C). 
Heatsinking would be required for operation at ambient 
temperatures greater than 40°C. 


Note that the problem isn’t as severe with either of the PDIP 
packages due to their lower thermal resistances, however it 
is recommended that the above analysis be performed for 
any package if operating outside the conditions listed below: 
MAX Poyt WITHOUT HEATSINK (Vs = +15V) 
14 LEAD PDIP 8 LEAD PDIP 8 LEAD SOIC 

Ta | (0ya = 89°C) | (8a = 92°C) | (Oya = 157°C/W) 

280mW 260mW Heatsink Required 


950mW 910mW 350mW 


Allowable output power can be increased by decreasing the 
quiescent dissipation via lower supply voltages. 


For more information please refer to Application Note AN556, 
Thermal Safe Operating Areas for High Current Op Amps. 
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Typical Performance Curves 1, = 25°C, Vsuppty = +15V, Ri = 1kQ, C_ < 10pF, Unless Otherwise Specified 


eilee) OPEN LOOP 
CTT | 
imei, <4 


PHASE (DEGREE) 


Ayvct Avct Avet AvcL 


ai OPEN LOOP 
=1000 =100 =10 =2 


10 100 1K 10K 100K 1M 10M 
FREQUENCY (Hz) 


100M 


FIGURE 1. FREQUENCY RESPONSE FOR VARIOUS GAINS 


GAIN BANDWIDTH PRODUCT (MHz) 


 _ _ 


60 -40 -20 0 20 40 60 80 100 120 140 
TEMPERATURE (°C) 


FIGURE 3. GAIN BANDWIDTH PRODUCT vs TEMPERATURE 
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FIGURE 5. PSRR vs FREQUENCY 


GAIN BANDWIDTH PRODUCT (MHz) 
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FIGURE 2. GAIN BANDWIDTH PRODUCT vs SUPPLY VOLTAGE 
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FIGURE 4. CMRR vs FREQUENCY 
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FIGURE 6. INPUT NOISE vs FREQUENCY 
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1kQ, Cy < 10pF, Unless Otherwise Specified (Continued) 
SUPPLY VOLTAGE (+V) 


FIGURE 8. SLEW RATE vs SUPPLY VOLTAGE 


+15V, Ri 
250 


HA-2842 
25°C, VsuPPLY 


TEMPERATURE (°C) 
FIGURE 7. SLEW RATE vs TEMPERATURE 


Typical Performance Curves 1, 


(AW) 3FDVLIOA L3S440 LNdNI 


N 


OFFSET VOLTAGE 


(wi) LNSHYND SVIE LNdNI 


SUPPLY VOLTAGE (+V) 
FIGURE 10. SUPPLY CURRENT vs SUPPLY VOLTAGE 
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-20 
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FIGURE 9. INPUT OFFSET VOLTAGE AND INPUT BIAS 
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FIGURE 12. NEGATIVE OUTPUT SWING vs TEMPERATURE 
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FIGURE 11. POSITIVE OUTPUT SWING vs TEMPERATURE 


HA-2842 


Typical Performance Curves 1, = 25°C, Vsuppyy = +15V, Ry = 1k, C, < 10pF, Unless Otherwise Specified (Continued) 


30 
i VsuppLy = +15V a a 


a 2-7 
a 
> 
i* nanan 
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” 15 Ss 
Ww ra) 
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FIGURE 13. MAXIMUM UNDISTORTED OUTPUT SWING FIGURE 14. TOTAL HARMONIC DISTORTION vs FREQUENCY 
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Typical Performance Curves Ta = 25°C, Vsuppty = £15V, Ry = 1kQ, C, < 10pF, Unless Otherwise Specified (Continued) 


GAIN BANDWIDTH PRODUCT (MHz) 
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FIGURE 19. GAIN BANDWIDTH PRODUCT vs LOAD RESISTANCE 
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Metallization Topology 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered Up): 
77 mils x 81 mils x 19 mils \- 
a lle lk TRANSISTOR COUNT: 
METALLIZATION: is 


Type: Aluminum, 1% Copper 
Thickness: 16kA +2kA 


PASSIVATION: 


PROCESS: 
High Frequency Bipolar Dielectric Isolation 
Type: Nitride over Silox 


Silox Thickness: 12kA +2kA 
Nitride thickness: 3.5kA +] kA 


Metallization Mask Layout 


HA-2842 
BAL BAL 
| 
HAzS42S Lime $2 
39382 5 i 
| COMP eu 
! <q 
| — 
“IN V+ Og 
Oo 
OUT 


+IN 
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HA-2850 


seule 470MHz, Low Power, 
High Slew Rate Operational Amplifier 


Features Description 


* Low Supply CUINGNE. «so cksckes cee even tee anns 7.5mA The HA-2850 is a wideband, high slew rate, operational 

: amplifier featuring superior speed and bandwidth character- 

High Slew Rate istics. Bipolar construction, coupled with dielectric isolation, 

Open Loop Gain delivers outstanding performance in circuits with a closed 
loop gain of 10 or greater. 


Wide Gain-Bandwidth (Ay > 10) 
; A 340V/us slew rate and a 470MHz gain bandwidth product 
Full Power Bandwidth...............0.0e08% 5.4MHz ensure high performance in video and wideband amplifier 
Low Offset Voltage............2ccccececeees 0.6mV designs. Differential gain and phase are a low 0.04% and 
0.04 degrees respectively, making the HA-2850 ideal for 
Input Noise Voltage 11nV/./HZ video applications. A full +10V output swing, high open loop 
Differential Gain/Phase 0.04%/0.04 Degrees gain, and outstanding AC parameters, make the HA-2850 an 
excellent choice for high speed Data Acquisition Systems. 


Lower Power Enhanced Replacement for AD840 and ; 
EL2040 The HA-2850 is available in commercial and _ industrial 


temperature ranges, and a choice of packages. For military 
grade product, refer to the HA-2850/883 data sheet. Harris 


Applications AnswerFAX (407-724-7800) Document #3595. 


e Pulse and Video Amplifiers ‘ * 
ee ‘ Ordering Information 


e Wideband Amplifiers 


oe PARTNUMBER | TEMP. 
¢ High Speed Sample-Hold Circuits . (BRAND) RANGE (°C) PACKAGE 


e Fast, Precise D/A Converters HA3B2850-5 0 to 75 14 Ld PDIP E14.3 
HA3-2850-5 0to75 |8LdPDIP 


HA9P2850-5 0to75 |8LdSOIC M8.15 
(H28505) 


HA3B2850-9 -40to85 |14Ld PDIP E143 
HA3-2850-9 -40to85 |8LdPDIP E8.3 


Pinouts 


HA-2850 HA-2850 
(PDIP) (PDIP, SOIC) 
TOP VIEW TOP VIEW 


NOTE: No Connection (NC) pins may be tied to a ground plane for better isolation and heat dissipation. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2844.3 
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HARRIS HA-4741 


November 1996 Quad, 3.5MHz, Operational Amplifier 


aD 


Features Description 


e Slew Rate .......... cece ee ee es 1.6V/us HA-4741, which contains four amplifiers on a monolithic 
: chip, provides a new measure of performance for general 
BENGWIAMsscccccaveawectasescennese seers 3.5MHz purpose operational amplifiers. Each amplifier in the 

¢ Input Voltage Noise 9nV/VHz HA-4741 has operating specifications that equal or exceed 
those of the 741-type amplifier in all categories of 


* Input Offset VOHEGE 4 cde eeeccnmeness ewe en 0.5mV performance. 


Input Bias Current HA-4741 is well suited to applications requiring accurate 
Supply Range signal processing by virtue of its low values of input offset 

; ; voltage (0.5mV), input bias current (60nA) and input voltage 
No Crossover Distortion noise (9nV/VHz at 1kHz). 3.5MHz bandwidth, coupled with 
Standard Quad Pinout high open-loop gain, allow the HA-4741 to be used in 
designs requiring amplification of wide band signals, such as 
audio amplifiers. Audio application is further enhanced by 
the HA-4741’s negligible output crossover distortion. 


Applications 


e Universal Active Filters 


These excellent dynamic characteristics also make the HA- call 
e D3 Communications Filters 4741 ideal for a wide range of active filter designs. = = 
. Performance integrity of multi-channel designs is assured by O Ww 
¢ Audio Amplifiers a high level of amplifier-to-amplifier isolation (69dB at E He 
¢ Battery-Powered Equipment 10kH2). a = 
A wide range of supply voltages (+2V to +20V) can be used r=} < 


Ordering Information to power the HA-4741, making it compatible with almost any 


system including battery-powered equipment. 
PART TEMP. 
RANGE (°C) | iene. exatien HA-4741/883 product and data sheets available upon 


request. 
HA1-4741-2 -55to125 |14LdCERDIP F14.3 q 


HA1-4741-5 Oto 75 14 Ld CERDIP F14.3 
HA3-4741-5 0 to 75 14 Ld PDIP E14.3 
HA9P4741-9 -40 to 85 16 Ld SOIC M16.3 


Pinouts 


HA-4741 HA-4741 
(PDIP, CERDIP) (SOIC) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2922.2 
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Absolute Maximum Ratings 
Ta = 25°C Unless Otherwise Stated 


Supply Voltage Between V+ and V- Terminals.............. 40V 
Ditterenittal Input VONAGE. 2. os. sccceccaseeseceeeaee ses sc 30V 
eT Wer ia beak nt kee uewaee dad cun se eeueacs< ws VsupPLy 
Output Short Circuit Duration (Note 3)................ Indefinite 


Operating Conditions 
Temperature Range: 


Sa Ll. eee ee ee ee ee ee ee ee -55°C to 125°C 
Gee he ee ee ee oe er er eee ee 0°C to 75°C 
ee iS: ee ee ee ee ee ee -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 2) Biya (°C/W) = 8yg (°C/W) 
CERDIP Package 90 35 
PDIP Package 107 N/A 
SOIC Package 96 N/A 

Maximum Junction Temperature (Ceramic Package, Note 1)..... 175°C 

Maximum Junction Temperature (Plastic Packages, Note 1) ..... 150°C 

Maximum Storage Temperature Range ......... -65°C to 150°C 

Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Maximum power dissipation, including output load, must be designed to maintain junction temperature below 175°C for the ceramic 


package, and below 150°C for the plastic packages. 


2. 6), is Measured with the component mounted on an evaluation PC board in free air. 


3. One amplifier may be shorted to ground indefinitely. 


Electrical Specifications — Vsyppyy = +15V, Unless Otherwise Specified 


TEST 


PARAMETER CONDITIONS 
INPUT CHARACTERISTICS 


Offset Voltage 


TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain 


Common Mode Rejection Ratio 
Channel Separation (Note 5) 


Small Signal Bandwidth 
OUTPUT CHARACTERISTICS 


UNITS 


i) 
3 a 
S 3| S$} 2 
z) 5 3 


+12 | +13.7 


H- 
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on 


- 
oi 
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Electrical Specifications —Vsypp,y = +15V, Unless Otherwise Specified (Continued) 


TEST 
PARAMETER CONDITIONS 


Slew Rate 


POWER SUPPLY CHARACTERISTICS 


Power Supply Rejection Ratio 


NOTES: 
4. Typical and Minimum specifications for the -9 version are the same as those for the -5 version. 
5. Referred to input; f = 10KHz, Rg = 1kQ, Vin = 100MVpEax. 
6. Vout = £10V, Ry = 2kQ. 
7. Full power bandwidth guaranteed based upon slew rate measurement: FPBW = S.R./2n Vpcax. 


Test Circuit and Waveforms 


Vout 
soor & Sona ope 
™ [iy te] ALL 


Volts = 5V/Div., Time = 5ys/Div. 


FIGURE 1. SMALL AND LARGE SIGNAL TEST CIRCUIT FIGURE 2. LARGE SIGNAL RESPONSE 


Volts = 40mV/Div., Time = 100ns/Div. 


FIGURE 3. SMALL SIGNAL RESPONSE 
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Schematic Diagram 
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PTT Terr TTT TT TT TT ty 


AEE 


_ 

eT LAT 
| f BANDWIDTH 7 
7| svewrate | ON 


NORMALIZED AC PARAMETERS 
REFERRED TO VALUE AT +15V 


NORMALIZED VALUE REFERRED TO 25°C 
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SUPPLY VOLTAGE (V) TEMPERATURE (°C) 
FIGURE 6. NORMALIZED AC PARAMETERS vs SUPPLY FIGURE 7. NORMALIZED AC PARAMETERS vs TEMPERATURE 
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25°C, Unless Otherwise Specified (Continued) 


15V, Ta = 


=2 


Typical Performance Curves Vsypp.y 
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FIGURE 9. SMALL SIGNAL BANDWIDTH AND PHASE 


FIGURE 8. INPUT NOISE vs FREQUENCY 
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FIGURE 11. INPUT BIAS AND OFFSET CURRENT vs 


FIGURE 10. MAXIMUM OUTPUT VOLTAGE SWING vs LOAD 
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FIGURE 12. POWER CONSUMPTION vs TEMPERATURE 
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Die Characteristics 
DIE DIMENSIONS: 


87 mils x 75 mils x 19 mils 
2210um x 1910um x 483um 


METALLIZATION: 


Type: Al, 1% Cu 
Thickness: 16kA +2kA 


PASSIVATION: 
Type: Nitride 
Thickness: 7kA +0.7kA 


Metallization Mask Layout 


-IN4 


P 


-IN1 


HA-4741 


SUBSTRATE POTENTIAL (Powered Up): 
\- 

TRANSISTOR COUNT: 
f2 

PROCESS: 
Junction Isolated Bipolar/JFET 


HA-4741 


+IN4——sV-- +IN3 -IN3 


OUT3 


OUT2 


+IN1 V+ +IN2 -IN2 
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110MHz, High Slew Rate, 
High Output Current Buffer 


November 1996 


Features 
e Voltage Gain 
High Input Impedance 
Low Output Impedance 
Very High Slew Rate 1300V/us 
Very Wide Bandwidth 110MHz 
High Output Current 
Pulsed Output Current 


Monolithic Construction 


Applications overall circuit performance. 

: ‘ For the military grade product, refer to the HA-5002/883 =. ” 
Line Driver Bettina. Fs is 
Data Acquisition ‘ ‘ =—=— 

oe Ordering Information Ee 
echaaie [PATarano)" [mance | racxace | exa.wo. | | | #3 
High Power Current Booster (BRAND) _| RANGE (°C) a < 


HA2-5002-5 8 Pin Metal Can 
HA3-5002-5 0 to 75 8 Ld PDIP E83 | 


High Power Current Source 
Sample and Holds 
Radar Cable Driver 


Video Products 


Pinouts 


HA-5002 (PDIP, CERDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 


HA-5002 (PLCC) 
TOP VIEW 


Description 


The HA-5002 is a monolithic, wideband, high slew rate, high 
output current, buffer amplifier. 

Utilizing the advantages of the Harris D.I. technologies, the 
HA-5002 current buffer offers 1300V/us slew rate with 
110MHz of bandwidth. The +200mA output current capability 
is enhanced by a 3Q output impedance. 

The monolithic HA-5002 will replace the hybrid LHO002 with 
corresponding performance increases. These characteristics 
range from the 3000kQ input impedance to the increased 
output voltage swing. Monolithic design technologies have 
allowed a more precise buffer to be developed with more than 
an order of magnitude smaller gain error. 

The HA-5002 will provide many present hybrid users with a 
higher degree of reliability and at the same time increase 


HA4P5002-5 20 Ld PLCC N20.35 
HA7-5002-2 -55to125 |8LdCERDIP | F8.3A 
HA7-5002-5 0 to 75 8LdCERDIP | F8.3A 


HA9P5002-5 0to75 | 8LdSOIC M8.15 
(H50025) 

HA9P5002-9 -40to85 |8LdSOIC 

(H50029) 


HA-5002 (METAL CAN) 
TOP VIEW 


File Number 
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Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- Terminals.................... 44V ‘Thermal Resistance (Typical, Note 2) Bya (CCIW) 85g (°C/W) 
A VOUS. 5-5 ioe ed owed Ce haw eed 8 Owe, OREN aes V+ to V4- CERDIP Package 115 28 
Output Current (Continuous) ...................000- +200mA PDIP Package 92 N/A 
Output Current (50ms On, 1s Off) ................... +400mA Metal Can Package 155 67 
PLCC Package 74 N/A 
Operating Conditions SOIC Package 157 N/A 
+ a Maximum Junction Temperature (Hermetic Packages, Note 1) . . .175°C 
plas aoe al 06 95°C Maximum Junction Temperature (Plastic Packages, Note 1) ..... 150°C 
Tae ae eee e Sas ese ae sree Stee eer! eh aa C Maximum Storage Temperature Range ......... -65°C to 150°C 
: alia a dela Maximum Lead Temperature (Soldering 10s)............. 300°C 
HA-5002-9.. 00... sce eceececeeeeeeeseereees -40°C to 85°C ‘ ( 9 108) 


(PLCC and SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Maximum power dissipation, including load conditions, must be designed to maintain the maximum junction temperature below 175°C for 
the ceramic and can packages, and below 150°C for the plastic packages. 


2. 85a is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppiy = +12V to +15V, Rg = 50Q, R, = 1kQ, C, = 10pF, Unless Otherwise Specified 


TEST TEMP HA-5002-5, -9 
PARAMETER CONDITIONS (°c) } MIN | TYP | MAX | MIN | 


INPUT CHARACTERISTICS 
Offset Voltage 25 


Average Offset Voltage Drift 


Input Resistance 
Input Noise Voltage 10Hz-1MHz |= | 


TRANSFER CHARACTERISTICS 
Voltage Gain R, = 502 
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-3dB Bandwidth =1Vpp ae 110 MHz 
AG Gurrent Gai os ee AA 


OUTPUT CHARACTERISTICS 


Output Voltage Swing R, = 100Q 
RU = 1kQ, Vg=+15V | Full 
RU=1kQ,Vg=+12V | Full | +10 


Harmonic Distortion Vin = 1Vems, f= 10kHz 
TRANSIENT RESPONSE 
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Electrical Specifications = Voyppyy = +12V to +15V, Rg = 50Q, R, = 1kQ, C, = 10pF, Unless Otherwise Specified (Continued) 


POWER REQUIREMENTS 


Supply Current 


NOTE: 


3. FPBW = 2lewW Rate. Vp = 10V. 


ZV aK 


Test Circuit and Waveforms 


OUT 


~15V RL 
FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE 
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bate is oS 
is Secu LIZ SAG CLAM Sale Wass aE BiG Gaba ahid Saped ef aed 
Vv 
Vout OUT 


Re = 500. R, = 1kQ 


SMALL SIGNAL WAVEFORMS 
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Schematic Diagram 
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Si Vat 
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Application Information 


Layout Considerations 


The wide bandwidth of the HA-5002 necessitates that high 
frequency circuit layout procedures be followed. Failure to 
follow these guidelines can result in marginal performance. 


Probably the most crucial of the RF/video layout rules is the 
use of a ground plane. A ground plane provides isolation and 
minimizes distributed circuit capacitance and inductance 
which will degrade high frequency performance. 


Other considerations are proper power supply bypassing 
and keeping the input and output connections as short as 
possible which minimizes distributed capacitance and 
reduces board space. 


Power Supply Decoupling 


For optimal device performance, it is recommended that the 
positive and negative power supplies be bypassed with 
capacitors to ground. Ceramic capacitors ranging in value 
from 0.01 to 0.1pF will minimize high frequency variations in 
supply voltage, while low frequency bypassing requires 
larger valued capacitors since the impedance of the capaci- 
tor is dependent on frequency. 


It is also recommended that the bypass capacitors be connected 
close to the HA-5002 (preferably directly to the supply pins). 


Operation at Reduced Supply Levels 


The HA-5002 can operate at supply voltage levels as low as 
+5V and lower. Output swing is directly affected as well as 
slight reductions in slew rate and bandwidth. 


Short Circuit Protection 
The output current can be limited by using the following circuit: 


V+ 7 V- 
loutmax loutTmMAx 


Rum = 


V+ lourmax = 200mA (CONTINUOUS) 


OUT 


Capacitive Loading 


The HA-5002 will drive large capacitive loads without oscillation 
but peak current limits should not be exceeded. Following the 
formula | = Cdv/dt implies that the slew rate or the capacitive 
load must be controlled to keep peak current below the maxi- 
mum or use the current limiting approach as shown. The 
HA-5002 can become unstable with small capacitive loads 
(SOpF) if certain precautions are not taken. Stability is 
enhanced by any one of the following: a source resistance in 
series with the input of 50Q to 1kQ; increasing capacitive load 
to 150pF or greater; decreasing C; gap to 20pF or less; adding 
an output resistor of 10Q to 50Q; or adding feedback capaci- 
tance of 50pF or greater. Adding source resistance generally 
yields the best results. 
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1.8 

1.6 
= 
5 14 ” — Tymax>Ta 
12) DMAX ~— 
a 80 * %es + ga 
< 1. 
7 Where: T jax = Maximum Junction Temperature of the Device 
2 1.0 
= T, = Ambient 
> 8 jc = Junction to Case Thermal Resistance 
. CERDIP - owe 
a. mia: 8cs = Case to Heat Sink Thermal Resistance 

0.6 ' , 
5 8s, = Heat Sink to Ambient Thermal Resistance 
x 
= Nets Shi teeta Ot Graph is basedon: P = Tymax— Ta a" Ts 

0.2] ~\ QUIESCENT POWER DISSIPATION P | DMAX ~ BK 
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FIGURE 2. FREE AIR POWER DISSIPATION 
Typical Application 
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FIGURE 3. COAXIAL CABLE DRIVER - 502 SYSTEM 


Typical Performance Curves 
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FIGURE 4. GAIN/PHASE vs FREQUENCY (R, = 1kQ) FIGURE 5. GAIN/PHASE vs FREQUENCY (R, = 50Q) 
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Typical Performance Curves (continued) 
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FIGURE 6. VOLTAGE GAIN vs TEMPERATURE (R, = 1002) FIGURE 7. VOLTAGE GAIN vs TEMPERATURE (R, = 1kQ2) 
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FIGURE 10. MAXIMUM OUTPUT VOLTAGE vs TEMPERATURE FIGURE 11. SUPPLY CURRENT vs TEMPERATURE 
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Typical Performance Curves (Continued) 
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Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered Up): 
81 mils x 80 mils x 19 mils V1- 
SUeu iid ACO HoT i alan TRANSISTOR COUNT: 
METALLIZATION: 
27 
Type: Al, 1% Cu PROCESS: 


Thickness: 20kA +2kA 
: ic Isolati 
PASSIVATION: Bipolar Dielectric Isolation 


Type: Nitride 
Thickness: 7kA +0.7kA 


Metallization Mask Layout 
HA-5002 


V;- (ALT) 
V1+ (ALT) 
Vo+ 
. HA=5002 Ver | 
TASOIGOA | 
parece memcamue I 
al 
; Vit 
eet 


OUT 
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Features 

© Si HOW cock caan ewes eeeawnsws dveaxes 1200V/us 
© Output Current... .cccccscscccocisnectans +100mA 
© DAVES cacccccsaureeaneseearseesuss +9V into 100Q 
© VepRLY cn 6eees Se eteeednscecnsenesees +5V to +18V 


¢ Thermal Overload Protection and Output Flag 
¢ Bandwidth Nearly Independent of Gain 
¢ Output Enable/Disable 


Applications 

e Unity Gain Video/Wideband Buffer 

e Video Gain Block 

¢ High Speed Peak Detector 

e Fiber Optic Transmitters 

e Zero Insertion Loss Transmission Line Drivers 
e Current to Voltage Converter 

e Radar Systems 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 
HA1-5004-5 0 to 70 14Ld CERDIP | F14.3 
HA1-5004-9 -40to85 |14LdCERDIP | F14.3 


Pinout 


HA-5004 
(CERDIP) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 
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Description 


The HA-5004 current feedback amplifier is a video/wideband 
amplifier optimized for low gain applications. The design is 
based on current-mode feedback which allows the amplifier 
to achieve higher closed loop bandwidth than voltage-mode 
feedback operational amplifiers. Since feedback is 
employed, the HA-5004 can offer better gain accuracy and 
lower distortion than open loop buffers. Unlike conventional 
op amps, the bandwidth and rise time of the HA-5004 are 
nearly independent of closed loop gain. The 100MHz band- 
width at unity gain reduces to only 65MHz at a gain of 10. 
The HA-5004 may be used in place of a conventional op 
amp with a significant improvement in speed power product. 


Several features have been designed in for added value. A 
thermal overload feature protects the part against excessive 
junction temperature by shutting down the output. If this fea- 
ture is not needed, it can be inhibited via a TTL input (TOI). 
A TTL chip enable/disable (OE) is also provided; when the 
chip is disabled its output is high impedance. Finally, an 
open collector output flag (TOL) is provided to indicate the 
status of the chip. The status flag goes low to indicate when 
the chip is disabled due to either the internal Thermal Over- 
load shutdown or the external disable. 


In order to maximize bandwidth and output drive capacity, 
internal current limiting is not provided. However, current lim- 
iting may be applied via the Vo+ and V-- pins which provide 
power separately to the output stage. 


For Military grade product refer to the HA-5004/883 data 
sheet. 


TRUTH TABLE 


TOL OUTPUT 
(OPEN 
COLLECTOR) 


INPUTS ‘TEMP 


OPERATION 


Auto Shutdown, 
HI-Z OUT 


Manual Shutdown, 
HI-Z OUT 


NOTE: >180°C Typical 
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Features 
Wide Unity Gain Bandwidth 
Slew Rate 
Input Offset Voltage 
Differential Gain 
Differential Phase 
Supply Current (Per Amplifier) 
ESD Protection 
Guaranteed Specifications at +5V Supplies 


Low Cost 


Applications 
e PC Add-On Multimedia Boards 
e Flash A/D Driver 
Color Image Scanners 
CCD Cameras and Systems 
RGB Cable Driver 
RGB Video Preamp 


PC Video Conferencing 


Pinout 


HAS5013 


Triple, 125MHz Video Amplifier 


Description 


The HA5013 is a low cost triple amplifier optimized for RGB 
video applications and gains between 1 and 10. It is a 
current feedback amplifier and thus yields less bandwidth 
degradation at high closed loop gains than voltage feedback 
amplifiers. 


The low differential gain and phase, 0.1dB gain flatness, and 
ability to drive two back terminated 75Q cables, make this 
amplifier ideal for demanding video applications. 


The current feedback design allows the user to take 
advantage of the amplifiers bandwidth dependency on the 
feedback resistor. 


The performance of the HA5013 is very similar to the popu- 
lar Harris HA-5020 single video amplifier. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 
-40to85 |14Ld PDIP E14.3 


14 Ld SOIC M14.15 
HA5025EVAL High Speed Op Amp DIP Evaluation Board 


HA5013 
(PDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 
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Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals.................... 36V 
is WG VONGOS sc2cesu cv bees ess ee arene pews nns +VsUPPLY 
DRGPAtG! DUT VORAUG. «ecces ecu n eta teieucrunnan xeews 10V 
Output Current (Note 2)................ Short Circuit Protected 


ESD Rating (Note 4) 
Human Body Model (Per MIL-STD-883 Method 3015.7) .. 2000V 


Operating Conditions 


TOMPpOPAite FANGS <i ccescisenctuneacacbacex -40°C to 85°C 
Supply Voltage Range (Typical)................. +4.5V to +15V 


Thermal Information 


Thermal Resistance (Typical, Note 1) 8a (°C/W) 
POP POE 6.6 ns een see eye hee ense es eauleas 100 
BOI PRCKOOR sg 12v band eee dareieitesaenags 120 

Maximum Junction Temperature (Die Only, Note 3).......... {75°C 

Maximum Junction Temperature (Plastic Package, Note 3) .. 150°C 

Maximum Storage Temperature Range ......... -65°C to 150°C 

Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Oya is measured with the component mounted on an evaluation PC board in free air. 


2. Output is protected for short circuits to ground. Brief short circuits to ground will not degrade reliability, however, continuous (100% duty 
cycle) output current should not exceed 15mA for maximum reliability. 


3. Maximum power dissipation, including output load, must be designed to maintain junction temperature below 175°C for die, and below 
150°C for plastic packages. See Application Information section for safe operating area information. 


4. The non-inverting input of unused amplifiers must be connected to GND. 


Electrical Specifications Vsyppyy = +5V, Re = 1kQ, Ay = +1, Ry = 400Q, C; <10pF, Unless Otherwise Specified 


PARAMETER 
INPUT CHARACTERISTICS 


Input Offset Voltage (Vio) 


Delta Vip Between Channels 
Average Input Offset Voltage Drift 


Vio Common Mode Rejection Ratio 


Vio Power Supply Rejection Ratio 


Input Common Mode Range 


Non-Inverting Input (+IN) Current 


+IN Common Mode Rejection 


(+IBCMR = ) 


= i 
+Rin 


+IN Power Supply Rejection 


Inverting Input (-IN) Current 


Delta - IN BIAS Current Between Channels 


-IN Common Mode Rejection 


Vom = £2.5V (Note 5) 


+3.5V < Vo < +6.5V 
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Vom = +2.5V (Note 5) 


=i 
(2) 
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Electrical Specifications Vsyppyy = +5V, Re = 1kQ, Ay = +1, Ry = 4002, C, <10pF, Unless Otherwise Specified (Continued) 


. (NOTE 9) 
TEST | TEMP. 
PARAMETER TESTCONDITIONS | LEVEL | (°C) TYP UNITS 
-IN Power Supply Rejection +3,.5V $ Vg < +6.5V | 2 | 


Input Noise Voltage f = 1kHz 


P 
: 
AER 


x 5 


= 
= 


S 
Z| 


TRANSFER CHARACTERISTICS 


Transimpedence 


Vout = +2.5V (Note 11) 
Full 


Open Loop DC Voltage Gain Ry = 4002, Vout = 


+2.5V 


~“ _ 
oO ros) 
ae ae se 
oi 
o|o]|°o 


Full 


Open Loop DC Voltage Gain Ry = 1002, Vout = 


+2.5V 
Full 


OUTPUT CHARACTERISTICS 


Output Voltage Swing Ry = 1502 


Output Current R,_ = 1502 
Short Circuit Output Current Vin = £2.5V, Vout = OV 


POWER SUPPLY CHARACTERISTICS 


Supply Voltage Range 


Quiescent Supply Current ee 


AC CHARACTERISTICS Ay = +1 


Full Power Bandwidth (Note 7) as 


Rise Time (Note 8) Vout = 1V, Ry = 1002 


Full ‘ 


Full +16 


io») 
> 


Full +40 +60 


3 
> 


sta /e]8) [a[e]= 
P on on 
el 


- 


Full mA/Op 


on 
> 
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27 


= 


N ” 


H 


Fall Time (Note 8) Vout = 1V, Ry = 100Q 
Propagation Delay (Note 8) Vout = 1V, Ry = 100 


° 
o 


Overshoot 
-3dB Bandwidth Vout = 100mV 
To 1%, 2V Output Step 


To 0.25%, 2V Output Step 


Settling Time 


Settling Time 
AC CHARACTERISTICS Ay = +2, Re = 681 


oi 


Slew Rate Note 6 V/us 


MHz 


Full Power Bandwidth (Note 7) 


Rise Time (Note 8) Vout = 1V, Ry = 100Q 


NSN 
ol 


Fall Time (Note 8) Vout = 1V, Ry = 100 
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Electrical Specifications Vsyppyy = +5V, Re = 1kQ, Ay = +1, Ry = 400Q, Cy, <10pF, Unless Otherwise Specified (Continued) 


PARAMETER TEST CONDITIONS 
Propagation Delay (Note 8) Vout = 1V, Ry = 100Q 


Overshoot 


nN 
On 
—_ 
i) 
3s 


-3dB Bandwidth 


Vout = 100mV 


Nh ine) 
on Oo 


Settling Time To 1%, 2V Output Step 


Settling Time To 0.25%, 2V Output Step 


® 
Oo 
ed 
a) ice) 
oO 


Gain Flatness 5MHz 0.02 
20MHz 0.07 


AC CHARACTERISTICS Ay = +10, Re = 383Q 


Slew Rate Note 6 


nN 
2 
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oi 
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e 
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Full Power Bandwidth (Note 7) 


Rise Time (Note 8) Vout = 1V, Ry = 1002 


ie) 
oO 


Fall Time (Note 8) Vout = 1V, Rr = 100Q 


ne) 
on 


Propagation Delay (Note 8) Vout = 1V, Ry = 1002 


Overshoot 


we) 
oO 


-3dB Bandwidth VouT = 100mV 


ine) 
e 


AMPLIFIERS 


Settling Time To 1%, 2V Output Step 


ie) 
® 


OPERATIONAL 


N fe) Ww f 
w oO on © ~N 


To 0.1%, 2V Output Step 


e 
o1 


VIDEO CHARACTERISTICS 


Nm 
on 


oO}; Oo 
om m2) 
Gt Ww 


Differential Gain Ri = 150Q, (Note 10) 


Differential Phase Ru = 150Q, (Note 10) 


NOTES: 
5. At -40°C Product is tested at Vcyy = +2.25V because Short Test Duration does not allow self heating. 
6. Vout switches from -2V to +2V, or from +2V to -2V. Specification is from the 25% to 75% points. 

Slew Rate 

2nVBEAK 


8. Measured from 10% to 90% points for rise/fall times; from 50% points of input and output for propagation delay. 


9. A. Production Tested; B. Typical or Guaranteed Limit based on characterization; C. Design Typical for information only. 
10. Measured with a VM700A video tester using an NTC-7 composite VITS. 
11. At-40°C Product is tested at Voyt = +2.25V because Short Test Duration does not allow self heating. 
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Test Circuits and Waveforms 
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FIGURE 1. TEST CIRCUIT FOR TRANSIMPEDANCE MEASUREMENTS 
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VIN Vout 
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FIGURE 2. SMALL SIGNAL PULSE RESPONSE CIRCUIT 
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Vertical Scale: Vix = 100mV/Div., Voyt = 100mV/Div. 
Horizontal Scale: 20ns/Div. 


FIGURE 4. SMALL SIGNAL RESPONSE 
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Vout 


FIGURE 3. LARGE SIGNAL PULSE RESPONSE CIRCUIT 
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Vertical Scale: Vix = 1V/Div., Voyt = 1V/Div. 
Horizontal Scale: 50ns/Div. 


FIGURE 5. LARGE SIGNAL RESPONSE 
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Schematic (One Amplifier of Three) 
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HA5013 


Application Information 
Optimum Feedback Resistor 


The plots of inverting and non-inverting frequency response, 
see Figure 8 and Figure 9 in the typical performance section, 
illustrate the performance of the HA5013 in various closed loop 
gain configurations. Although the bandwidth dependency on 
Closed loop gain isn’t as severe as that of a voltage feedback 
amplifier, there can be an appreciable decrease in bandwidth at 
higher gains. This decrease may be minimized by taking 
advantage of the current feedback amplifiers unique relation- 
ship between bandwidth and Re. All current feedback amplifi- 
ers require a feedback resistor, even for unity gain applications, 
and Rr, in conjunction with the internal compensation capaci- 
tor, sets the dominant pole of the frequency response. Thus, 
the amplifiers bandwidth is inversely proportional to Re. The 
HA5013 design is optimized for a 1000Q Rr at a gain of +1. 
Decreasing Re in a unity gain application decreases stability, 
resulting in excessive peaking and overshoot. At higher gains 
the amplifier is more stable, so Re can be decreased in a trade- 
off of stability for bandwidth. 


The table below lists recommended Rr values for various 
gains, and the expected bandwidth. 


GAIN BANDWIDTH 
— = - a 


PC Board Layout 


The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 
use of low inductance components such as chip resistors 
and chip capacitors is strongly recommended. If leaded 
components are used the leads must be kept short espe- 
cially for the power supply decoupling components and 
those components connected to the inverting input. 


Attention must be given to decoupling the power supplies. A 
large value (10u.F) tantalum or electrolytic capacitor in paral- 
lel with a small value (0.1u.F) chip capacitor works well in 
most cases. 


A ground plane is strongly recommended to control noise. 
Care must also be taken to minimize the capacitance to 
ground seen by the amplifiers inverting input (-IN). The 
larger this capacitance, the worse the gain peaking, resulting 
in pulse overshoot and possible instability. It is recom- 
mended that the ground plane be removed under traces con- 
nected to -IN, and that connections to -IN be kept as short as 
possible to minimize the capacitance from this node to 
ground. 


Driving Capacitive Loads 


Capacitive loads will degrade the amplifiers phase margin 
resulting in frequency response peaking and possible oscil- 
lations. In most cases the oscillation can be avoided by plac- 
ing an isolation resistor (R) in series with the output as 
shown in Figure 6. 


VIN Vout 


FIGURE 6. PLACEMENT OF THE OUTPUT ISOLATION 
RESISTOR, R 


The selection criteria for the isolation resistor is highly 
dependent on the load, but 27Q has been determined to be 
a good starting value. 


Power Dissipation Considerations 


Due to the high supply current inherent in triple amplifiers, 
care must be taken to insure that the maximum junction tem- 
perature (Ty, see Absolute Maximum Ratings) is not 
exceeded. Figure 7 shows the maximum ambient tempera- 
ture versus supply voltage for the available package styles 
(PDIP, SOIC). At Vg = +5V quiescent operation both pack- 
age styles may be operated over the full industrial range of 
-40°C to 85°C. It is recommended that thermal calculations, 
which take into account output power, be performed by the 
designer. 


TTT VT 


MAX. AMBIENT TEMPERATURE (°C) 


pot tT tT 
Lt 
Ft; | | | { | | | | ft ff 
5 7 9 11 13 15 
SUPPLY VOLTAGE (+V) 


FIGURE 7. MAXIMUM OPERATING AMBIENT TEMPERATURE 
vs SUPPLY VOLTAGE 
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Typical Performance Curves Vsyppyy = +5V, Ay = +1, Re = 1kQ, Ry = 4009, Ta = 25°C, 
Unless Otherwise Specified 


Vour=02Vpe | | 
Cy = 10pF 
Re = 7502 


ao =» wm 


astiitarmaaly 
6812 aN 
J uh 


NORMALIZED GAIN (dB) 
a o 


naar GAIN (dB) 


— (MHz) ° FREQUENCY (MHz) 


FIGURE 8. NON-INVERTING FREQUENCY RESPONSE FIGURE 9. INVERTING FREQUENCY RESPONSE 
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NON-INVERTING PHASE (DEGREES) 


GAIN PEAKING (dB) 
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FIGURE 10. PHASE RESPONSE AS A FUNCTION OF FIGURE 11. BANDWIDTH AND GAIN PEAKING vs FEEDBACK 
FREQUENCY RESISTANCE 
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-3dB BANDWIDTH (MHz) 


-3dB BANDWIDTH (MHz) 


KK 


GAIN PEAKING (dB) 
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FIGURE 12. BANDWIDTH AND GAIN PEAKING vs FEEDBACK FIGURE 13. BANDWIDTH AND GAIN PEAKING vs LOAD 
RESISTANCE RESISTANCE 
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Typical Performance Curves Vgyppyy = +5V, Ay = +1, Re = 1kQ, Ry, = 400Q, Ta = 25°C, 
Unless Otherwise Specified (Continued) 


-3dB BANDWIDTH (MHz) 
OVERSHOOT (%) 


0 200 400 600 800 1000 
FEEDBACK RESISTOR (2) LOAD RESISTANCE (Q) 
FIGURE 14. BANDWIDTH vs FEEDBACK RESISTANCE FIGURE 15. SMALL SIGNAL OVERSHOOT vs LOAD 
RESISTANCE 


FREQUENCY = 3.58MHz 


DIFFERENTIAL GAIN (%) 
DIFFERENTIAL PHASE (DEGREES) 


SUPPLY VOLTAGE (+V) SUPPLY VOLTAGE (+V) 


FIGURE 16. DIFFERENTIAL GAIN vs SUPPLY VOLTAGE FIGURE 17. DIFFERENTIAL PHASE vs SUPPLY VOLTAGE 
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DISTORTION (dBc) 
REJECTION RATIO (dB) 


0.001 0.01 0.1 10 30 
FREQUENCY (MHz) FREQUENCY a 
FIGURE 18. DISTORTION vs FREQUENCY FIGURE 19. REJECTION RATIOS vs FREQUENCY 
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Typical Performance Curves Vsyppvy = +5V, Ay = +1, Rr = 1kQ, Ry = 400Q, Ta = 25°C, 
Unless Otherwise Specified (Continued) 


Rioap = 1002 
Vout = 1-0Vp_p 


12 


= 
oO 


ite | Ay = +10, Rp = 3830 
EE 


a 


PROPAGATION DELAY (ns) 
PROPAGATION DELAY (ns) 
ro) 


Ay = +1, Re = 1kQ 


TEMPERATURE (°C) SUPPLY VOLTAGE (+V) 


FIGURE 20. PROPAGATION DELAY vs TEMPERATURE FIGURE 21. PROPAGATION DELAY vs SUPPLY VOLTAGE 
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SLEW RATE (V/us) 
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Ay = +5, Re = 1kQ 


NORMALIZED GAIN (dB) 
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— 


~ 


150 = 
a 
100 J 
-50 -25 0 25 50 75 100 125 5 10 15 20 25 30 
TEMPERATURE (°C) FREQUENCY (MHz) 
FIGURE 22. SLEW RATE vs TEMPERATURE FIGURE 23. NON-INVERTING GAIN FLATNESS vs FREQUENCY 


NORMALIZED GAIN (dB) 
VOLTAGE NOISE (nV/VHz) 
CURRENT NOISE (pA/VHz) 
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FIGURE 24. INVERTING GAIN FLATNESS vs FREQUENCY FIGURE 25. INPUT NOISE CHARACTERISTICS 
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Typical Performance Curves Vsypp.y = +5V, Ay = +1, Rg = 1kQ, Ry = 4009, Ta = 25°C, 
Unless Otherwise Specified (Continued) 
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FIGURE 26. INPUT OFFSET VOLTAGE vs TEMPERATURE FIGURE 27. +INPUT BIAS CURRENT vs TEMPERATURE 
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FIGURE 30. SUPPLY CURRENT vs SUPPLY VOLTAGE FIGURE 31. REJECTION RATIO vs TEMPERATURE 
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Typical Performance Curves vsyppyy = +5V, Ay = +1, Rr = 1kQ, Ry = 4009, Ta = 25°C, 
Unless Otherwise Specified (Continued) 


SUPPLY CURRENT (mA) 
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DISABLE INPUT VOLTAGE (V) 


FIGURE 32. SUPPLY CURRENT vs DISABLE INPUT VOLTAGE 


Vout (Vp-p) 
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LOAD RESISTANCE (kQ) 


10.00 


FIGURE 34. OUTPUT SWING vs LOAD RESISTANCE 
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FIGURE 36. INPUT BIAS CURRENT CHANGE BETWEEN 
CHANNELS vs TEMPERATURE 
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FIGURE 33. OUTPUT SWING vs TEMPERATURE 
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Vio (mV) 
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FIGURE 35. INPUT OFFSET VOLTAGE CHANGE BETWEEN 
CHANNELS vs TEMPERATURE 


Vout = 2Vp.p 


SEPARATION (dB) 
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FIGURE 37. CHANNEL SEPARATION vs FREQUENCY 
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Typical Performance Curves Vgyppyy = +5V, Ay = +1, Re = 1kQ, Ry = 4009, Ta = 25°C, 
Unless Otherwise Specified (Continued) 
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FIGURE 40. TRANSIMPEDENCE vs FREQUENCY 
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PHASE ANGLE (DEGREES) 


Die Characteristics 


DIE DIMENSIONS: 
2010um x 3130um x 483um 


METALLIZATION: 


Type: Metal 1: AlCu (1%) 
Thickness: Metal 1: 8kA +0.4kA 


Type: Metal 2: AlCu (1% 
Thickness: Metal 2: 16k +0.8kA 


SUBSTRATE POTENTIAL 
Unbiased 


Metallization Mask Layout 


NC 


V+ 


+IN1 


HA5013 


PASSIVATION: 


Type: Nitride 
Thickness: 4kA +0.4kA 


TRANSISTOR COUNT: 
248 


PROCESS: 


High Frequency Bipolar Dielectric Isolation 


HA5013 
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SEMICONDUCTOR 


HA-5020 


100MHz Current Feedback 
Video Amplifier With Disable 


uD 


November 1996 


Features 
Wide Unity Gain Bandwidth 100MHz 
Slew Rate 800V/us 
UIP GOMER ceiccectvesevexousnaa +30mA (Min) 
Drives 3.5V into 75Q 
Parerentel Gass scctawesentenesiowes winds 0.03% 
Differential Phase. ................... 0.03 Degrees 
Low Input Voltage Noise 4.5nV/VHz 
Low Supply Current 10mA (Max) 
Wide Supply Range.................. +5V to +15V 
Output Enable/Disable 
High Performance Replacement for EL2020 


Description 


The HA-5020 is a wide bandwidth, high slew rate amplifier 
optimized for video applications and gains between 1 and 
10. Manufactured on Harris’ Reduced Feature Complemen- 
tary Bipolar DI process, this amplifier uses current mode 
feedback to maintain higher bandwidth at a given gain than 
conventional voltage feedback amplifiers. Since it is a closed 
loop device, the HA-5020 offers better gain accuracy and 
lower distortion than open loop buffers. 


The HA-5020 features low differential gain and phase and 
will drive two double terminated 75Q coax cables to video 
levels with low distortion. Adding a gain flatness 
performance of 0.1dB makes this amplifier ideal for 
demanding video applications. The bandwidth and slew rate 
of the HA-5020 are relatively independent of closed loop 
gain. The 100MHz unity gain bandwidth only decreases to 
60MHz at a gain of 10. The HA-5020 used in place of a 
conventional op amp will yield a significant improvement in 
the speed power product. To further reduce power, the HA- 
5020 has a disable function which significantly reduces 
supply current, while forcing the output to a true high 
impedance state. This allows the outputs of multiple 
amplifiers to be wire-OR’d into multiplexer configurations. 
The device also includes output short circuit protection and 
output offset voltage adjustment. 


Applications 

¢ Unity Gain Video/Wideband Buffer 

¢ Video Gain Block 

¢ Video Distribution Amp/Coax Cable Driver 
Flash A/D Driver 
Waveform Generator Output Driver 
Current to Voltage Converter; D/A Output Buffer 
Radar Systems 
Imaging Systems The HA-5020 is available in commercial and_ industrial 


temperature ranges, and a choice of packages. See the 


Ordering Information “Ordering Information” section below for more information. 


TEMP. 
RANGE (°C) 


PART NUMBER 
(BRAND) 


HA7-5020-5 0 to 75 8 Ld CERDIP F8.3A 


HA9P5020-5 0to75 |8LdSOIC M8.15 
(H50205) 


HA3-5020-9 -40to85 |8LdPDIP 


HA7-5020-9 


-40 to 85 8 Ld CERDIP F8.3A 


Pinout 


For military grade product, please refer to the HA-5020/883 
datasheet. 


For multi channel versions of the HA-5020 see the HA5022 
dual with disable, HA5023 dual, HA5013 triple, HA5024 
quad with disable or HA5025 quad op amp data sheets. 


HA-5020 
(PDIP, CERDIP, SOIC) 
TOP VIEW 


/8 | DISABLE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 
pyrig p 3-320 
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File Number 


HA-5020 


Absolute Maximum Ratings (Note 1) 


Voltage Between V+ and V- Terminals.................... 36V 
DC Input Voltage CAFDTSS ASAT ATES BAER VETS BES DS SOD +Vsuppiy 
Differential Input Voltage. ... 2... 2... eee ee eee 10V 
Output CUIGM ccc cesscvecsenenennaees Short Circuit Protected 
Operating Conditions 

Temperature Range 

FA SCI Ss 6 conkinsrnsachseees 646050044490 008 0°C to 75°C 
Ae ccecnewnn sede ae desea oakekbavavens -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 2) Oya (°C) 8jg (CCW) 
PDIP PECKAOS «x 000ccecseeee scene 130 N/A 
CERDIP Package «<i ccsccweesvees 135 50 
SOIG PACKAGE. 2204 cvceuvcv ender 170 N/A 


Maximum Junction Temperature (Ceramic Package, Note 1)... 175°C 

Maximum Junction Temperature (Plastic Packages, Note 1) ... 150°C 

Maximum Storage Temperature Range ......... -65°C to 150°C 

Maximum Lead Temperature (Soldering 10s)............. 300°C 
(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Maximum power dissipation, including output load, must be designed to maintain junction temperature below 175°C for ceramic packag- 


es, and below 150°C for plastic packages. 


2. Oj, is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +15V, Re = 1kQ, Ay = +1, Ry = 400Q, C, < 10pF, 


Unless Otherwise Specified 


INPUT CHARACTERISTICS 
Input Offset Voltage (Notes 3, 14) 


Average Input Offset Voltage Drift 
Vio Common Mode Rejection Ratio (Note 14) 


Vio Power Supply Rejection Ratio (Note 14) : 
Non-Inverting Input (+IN) Current (Note 14) 

+IN Common Mode Rejection 

+IN Power Supply Rejection ; 
Inverting Input (-IN) Current (Note 14) 
-IN Common Mode Rejection 


Vom = £10V 


-IN Power Supply Rejection 


TRANSFER CHARACTERISTICS 
Transimpedance (Notes 9, 14) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 14) R, = 150Q 


TEMP. 
PARAMETER wrens! te er ee 


Vom = +10V 
Full 


+4.5V $ V5 $+18V 


4.5VS Vg S$ +18V 
Full 


Vom = +10V 
oe Full 


4.5Vs Vg S$ +18V 
Full 
ae Full 


Open Loop DC Voltage Gain (Note 9) R, = 4002, 
Vout = +10V 

Open Loop DC Voltage Gain R, = 1002, 
Vout = +2.5V 


HA-5020-5, -9 


UNITS 


= 


Full 


= 


PEEPPEREEPP |)" 


uVPC 


Full 


Full 


NS 


</> 
3)3 
>| > 


Pswees[ se [sar i. 
Taowo] a Pane | |v 
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HA-5020 


Electrical Specifications —Vsyppyy = +15V, Re = 1kQ, Ay = +1, Ry, = 400Q, C, < 10pF, 
Unless Otherwise Specified (Continued) 


sau HA-5020-5, -9 
PARAMETER TEST CONDITIONS | (°C) | MIN | TYP | MAX | UNITS 


POWER SUPPLY CHARACTERISTICS 


Supply Current, Disabled (Note 14) DISABLE = OV 


Disable Pin Input Current DISABLE = OV Full 
Full 350 
Full 


10 
75 
1.5 


> 


m 


> 


m 


ory o1 


Minimum Pin 8 Current to Disable (Note 4) 


= 


Maximum Pin 8 Current to Enable (Note 5) 30 
AC CHARACTERISTICS (Ay = +1) 


Slew Rate (Note 6) 


: = 
> 


ie) 
oO 
© 
oO 
oO 


Full 500 700 
128 


11.1 


o1 


~~ 
i 
” n” 


= 
ak 
N 


Full Power Bandwidth (Note 7) 
(Guaranteed by Slew Rate Test) Full 
Rise Time (Note 8) 

Fall Time (Note 8) 

Propagation Delay (Notes 8, 14) 

-3dB Bandwidth (Note 14) 

Settling Time to 1% 

Settling Time to 0.25% 
AC CHARACTERISTICS (Ay = +10, Rp = 383Q) 


Slew Rate (Notes 6, 9) 


in) 
on 


Vout = 100mV 
10V Output Step 
10V Output Step 


ie) 
on 
=i 
oO 


BN 
oO 


H 
e 
25 


o1 


= 
N 


1 


[o) 


1100 V/us 
V/us 
MHz 


H 


Full 700 
25 14.3 75 
Full i 


Full Power Bandwidth (Note 7) 
(Guaranteed by Slew Rate Test) 


= 


N 


Rise Time (Note 8) 

Fall Time (Note 8) 

Propagation Delay (Notes 8, 14) 

-3dB Bandwidth 

Settling Time to 1% 

Settling Time to 0.1% 

HARRIS VALUE ADDED SPECIFICATIONS 
Input Noise Voltage (Note 14) 


Vout = 100mV MHz 
10V Output Step 


10V Output Step 


ine) 
on 


on 


2 


ou 


MP_EMT MEM ine) 
yoy, oayTn on 


os 
on 


oa 
+ a 
ou 
sles] sf ; |. 


f = 1kHz 
f = 1kHz 
f= 1kHz 


ne) 
on 


+Input Noise Current (Note 14) 


S 
< 
a 
N 


ie) 
on 


-Input Noise Current (Note 14) 


nN 
on 

ES 
= 
= 
N 


Full +10 
Full +25 


ie) 
on 


Input Common Mode Range 
-lBias Adjust Range (Note 3) 
Overshoot (Note 14) 

Output Current, Short Circuit (Note 14) Vin =+10V, Vout = OV Full 


Output Current, Disabled (Note 14) DISABLE = OV, Full 
Vout = +1 OV 


ie) 

oi 
= 
> 


50 


+ 


| I+ f+ 
NTS] ao ad 
CO} PM on 


6 


Output Disable Time (Notes 10, 14) 
Output Enable Time (Notes 11, 14) 
Supply Voltage Range 


o1 
= 
n 


NM 
oi 


nm] nr 
It ie 
on 


—_ 


DISABLE = OV 


ne) 
un 


Output Capacitance, Disabled (Note 12) 


Tv 
mn 
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Electrical Specifications Vsyppyy = +15V, Re = 1kQ, Ay = +1, R, = 400Q, C, < 10pF, 
Unless Otherwise Specified (Continued) 


PARAMETER TEST CONDITIONS } (°C) mg Oa UNITS 


VIDEO CHARACTERISTICS 


[wbEO cranacrenistios SSS 
[DiterenialPhase (oes 18,202) _—~+f Aston —~| a | - | 00a |_| Degrees 
a 


Electrical Specifications V+ = +5V, V- = -5V, Re = 1kQ, Ay = +1, R, = 400, C, <10pF, Unless Otherwise Specified. 
Parameters are not tested. The limits are guaranteed based on lab characterizations, and reflect 
lot-to-lot variation. 


HA-5020-5, -9 


INPUT CHARACTERISTICS 

Input Offset Voltage (Notes 3, 14) a ee ee ee ee 
ee ee ee ee 

[average puOrsetvorageont || me TT 8 [ir 

Vic Common Mode Rejection Ratio (Notes 14, 15) | 25 | so f= | = | a 


Vio Power Supply Rejection Ratio (Note 14) +3.5V < Vg $ +6.5V 


Non-Inverting Input (+1N) Current (Note 14) 


+IN Common Mode Rejection (Note 15) 


+IN Power Supply Rejection 


+3.5V < Vg < +6.5V 


—s 

ine) 
O1reol1clec nm] o aa ae 
OitroyT_ oT ol ia ,e) o}—— | Oo 


Inverting Input (-IN) Current (Note 14) 


Nh 
on 


on 
i=) 


-IN Common Mode Rejection (Note 15) 


-IN Power Supply Rejection 


+3.5V < Vg < +6.5V 


ie) 
oO 


TRANSFER CHARACTERISTICS 


Transimpedance (Notes 9, 14) 


o1 (op) 
oO on 


Open Loop DC Voltage Gain R, = 4002, 


Vout = t2.5V 


Open Loop DC Voltage Gain 


45 
OUTPUT CHARACTERISTICS 


Output Voltage Swing (Note 14) 25 to 85 
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HA-5020 


Electrical Specifications V+ = +5vV, V- = -5V, Re = 1kQ, Ay = +1, R, = 4009, C, <10pF, Unless Otherwise Specified. 
Parameters are not tested. The limits are guaranteed based on lab characterizations, and reflect 
lot-to-lot variation. (Continued) 


ny HA-5020-5, -9 
PARAMETER TESTCONDITIONS | (°C) | MIN | TYP | MAX | UNITS 


(Guaranteed by Output Voltage Test) [Ful [ si¢6 | 220 [ - [| ma | | 


Quiescent Supply Current (Note 14) 
Supply Current, Disabled (Note 14) DISABLE = OV 


Poe 10 
a ee 

Disable Pin Input Current DISABLE = OV | Ful {= | 40 15 [ma 
| 0 | 
ie ae 


? 
= 


Minimum Pin 8 Current to Disable (Note 16) 


Maximum Pin 8 Current to Enable (Note 5) 


= 


AC CHARACTERISTICS (Ay = +1) 
Slew Rate (Note 17) 

Full Power Bandwidth (Note 18) 
Rise Time (Note 8) 

Fall Time (Note 8) 

Propagation Delay (Note 8) 
Overshoot 

-3dB Bandwidth (Note 14) 

Settling Time to 1% 


Vout = 100mV 
2V Output Step 
2V Output Step 


= 
me 
N 


N 
on 


Settling Time to 0.25% 

AC CHARACTERISTICS (Ay = +2, Re = 6812) 
Slew Rate (Note 17) 

Full Power Bandwidth (Note 18) 

Rise Time (Note 8) 

Fall Time (Note 8) 


Propagation Delay (Note 8) 


3 


-3dB Bandwidth (Note 14) 

Settling Time to 1% 

Settling Time to 0.25% 

AC CHARACTERISTICS (Ay = +10, Re = 383) 
Slew Rate (Note 17) 

Full Power Bandwidth (Note 18) 

Rise Time (Note 8) 

Fall Time (Note 8) 


Vout = 100mV 
2V Output Step 
2V Output Step 


O 
< 
o 
a 
- 


Propagation Delay (Note 8) 


-3dB Bandwidth (Note 14) 
Settling Time to 1% 


Vout = 100mV 
2V Output Step 


Oo 
< 
o 
7} 
= 
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Electrical Specifications V+ = +5V, V- = -5V, Re = 1kQ, Ay = +1, R, = 400Q, C, <10pF, Unless Otherwise Specified. 
Parameters are not tested. The limits are guaranteed based on lab characterizations, and reflect 
lot-to-lot variation. (Continued) 


ip HA-5020-5, -9 
PARAMETER TESTCONDITIONS | (°C) | MIN: | TYP | MAX — UNITS 


HARRIS VALUE ADDED SPECIFICATIONS 


Input Noise Voltage (Note 14) f= ike ee ee ee ee 
25 2.5 


+Input Noise Current (Note 14) f= kHz 


ne) 
uo 
N 
nn 


ine) 


-Input Noise Current (Note 14) f= TkHz 
Full 
Full 


Input Common Mode Range t2.5V 


+40 +60 


> 


Output Current, Short Circuit Vin = + 2.5V Vout = OV 


Output Current, Disabled (Note 14) DISABLE = OV, Full 
Vout = +2.5V, VIN = OV 


ine) 
or 
po 
oO 


Output Disable Time (Notes 14, 20) 


PSS 
So 


Output Enable Time (Notes 14, 21) 


Nh 


NO 
uo 
— 


Supply Voltage Range + 


9 
op) 
> 
ee 
o 
m 
i 

>) 
< 
nm 
on 


Output Capacitance, Disabled (Note 19) 
VIDEO CHARACTERISTICS 


wT 
mn 


uo 


ine) 
oOo 


Differential Gain (Notes 13, 14) 0.03 % 


Differential Phase (Notes 13, 14) 0.03 Degrees 


on 
jo) 
eer 


ne) 
oO 


Gain Flatness to 5MHz 


NOTES: 
3. Suggested Vos Adjust Circuit: The inverting input current (-lp;as) can be adjusted with an external 10kQ pot between pins 1 and 5, wiper 
connected to V+. Since -lgias flows through the feedback resistor (Rf), the result is an adjustment in offset voltage. The amount of offset 
voltage adjustment is determined by the value of Re (AVos = A-lpias*Rr). 


4. Ry = 100Q, Vix = 10V. This is the minimum current which must be pulled out of the Disable pin in order to disable the output. The output 
is considered disabled when -10mV < Voyt $ +10mV. 


5. Vin = OV. This is the maximum current that can be pulled out of the Disable pin with the HA-5020 remaining enabled. The HA-5020 is 
considered disabled when the supply current has decreased by at least 0.5mA. 


6. Vout switches from -10V to +10V, or from +10V to -10V. Specification is from the 25% to 75% points. 


Slew Rate. 


7. FPBW = ;V = TOV. 
27V pe AK PEAK 


8. R, = 100Q, Voyt = 1V. Measured from 10% to 90% points for rise/fall times; from 50% points of input and output for propagation delay. 
9. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 

10. Vin = +10V, Disable = +15V to OV. Measured from the 50% point of Disable to Voyr = OV. 

11. Vij =+10V, Disable = OV to +15V. Measured from the 50% point of Disable to Voyt = 10V. 

12. Vin = OV, Force Voyr from OV to +10V, ta = te = 50ns. 

13. Measured with a VM700A video tester using a NTC-7 composite VITS. 

14. See “Typical Performance Curves” for more information. 

15. Von = +2.5V. At -40°C product is tested at Voy = +2.25V because short test duration does not allow self heating. 


16. R, = 100Q. Vix = 2.5V. This is the minimum current which must be pulled out of the Disable pin in order to disable the output. The output 
is considered disabled when -10mV < Voyt < +10MV. 


17. Voyrt switches from -2V to +2V, or from +2V to -2V. Specification is from the 25% to 75% points. 


Slew Rate 
18 Fro = — =2V. 
27V pe AK PEAK 


19. Viy = OV, Force Voyrt from OV to +2.5V, ta = te = 50ns. 
20. Vin = +2V, Disable = +5V to OV. Measured from the 50% point of Disable to Voyt = OV. 
21. Vin = +2V, Disable = OV to +5V. Measured from the 50% point of Disable to Voyrt = 2V. 
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HA-5020 


Test Circuits and Waveforms 


. 
HP4195 I i | 
NETWORK ! | 
ANALYZER |! 

t 1 

i I 

. -_ -_— = J 


FIGURE 1. TEST CIRCUIT FOR TRANSIMPEDANCE MEASUREMENTS 


Vout 
DUT 
V 
bi Vout 
= Re, 1kQ2 = 
FIGURE 2. SMALL SIGNAL PULSE RESPONSE CIRCUIT FIGURE 3. LARGE SIGNAL PULSE RESPONSE CIRCUIT 


. 
a“p-deneenpee 


‘ 
= 
z 


a ee Sr “ ene a qeneapeasnpnatin 


aes AE are SGesPibeis ctucerGhael pngeie caute 
: t t : 


} 
4 
a 
he? ae 
Seaeres 
+ 
+ 
+ 
“y 
waadeee 
a 


Vour Vout — 
Pea 

: : iY ids i ; Aa | i : RTE Tien : .: ie — n 

i i i * i - : ; 

es Coenen? ie eae: ees 
Vertical Scale: Vij, = 100MmV/Div., Voyr = 100MmV/Div. Vertical Scale: Viy = 1V/Div., Voyt = 1V/Div. 
Horizontal Scale: 20ns/Div. Horizontal Scale: 50ns/Div. 

FIGURE 4. SMALL SIGNAL RESPONSE FIGURE 5. LARGE SIGNAL RESPONSE 
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Application Information 
Optimum Feedback Resistor 


The plots of inverting and non-inverting frequency response 
illustrate the performance of the HA-5020 in various closed 
loop gain configurations. Although the bandwidth dependency 
on closed loop gain isn’t as severe as that of a voltage feed- 
back amplifier, there can be an appreciable decrease in band- 
width at higher gains. This decrease may be minimized by 
taking advantage of the current feedback amplifiers unique 
relationship between bandwidth and Re All current feedback 
amplifiers require a feedback resistor, even for unity gain 
applications, and Rr, in conjunction with the internal compen- 
sation capacitor, sets the dominant pole of the frequency 
response. Thus, the amplifiers bandwidth is inversely propor- 
tional to Rr. The HA-5020 design is optimized for a 1000Q Rr 
at a gain of +1. Decreasing Rr in a unity gain application 
decreases stability, resulting in excessive peaking and over- 
shoot. At higher gains the amplifier is more stable, so Re can 
be decreased in a trade-off of stability for bandwidth. 


The table below lists recommended Rr values for various 
gains, and the expected bandwidth. 


PC Board Layout 


The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 
use of low inductance components such as chip resistors 
and chip capacitors is strongly recommended. If leaded 
components are used the leads must be kept short espe- 
cially for the power supply decoupling components and 
those components connected to the inverting input. 


Attention must be given to decoupling the power supplies. A 
large value (10uF) tantalum or electrolytic capacitor in paral- 
lel with a small value (0.1u.F) chip capacitor works well in 
most cases. 


A ground plane is strongly recommended to control noise. Care 
must also be taken to minimize the capacitance to ground seen 
by the amplifiers inverting input (-IN). The larger this 
capacitance, the worse the gain peaking, resulting in pulse 
overshoot and possible instability. It is recommended that the 
ground plane be removed under traces connected to -IN, and 
that connections to -IN be kept as short as possible to minimize 
the capacitance from this node to ground. 


Driving Capacitive Loads 


Capacitive loads will degrade the amplifiers phase margin 
resulting in frequency response peaking and possible oscil- 
lations. In most cases the oscillation can be avoided by plac- 
ing an isolation resistor (R) in series with the output as 
shown in Figure 6. 


Vout 


FIGURE 6. PLACEMENT OF THE OUTPUT ISOLATION 
RESISTOR, R 


The selection criteria for the isolation resistor is highly 
dependent on the load, but 27Q has been determined to be 
a good starting value. 


Enable/Disable Function 


When enabled the amplifier functions as a normal current 
feedback amplifier with all of the data in the electrical specifi- 
cations table being valid and applicable. When disabled the 
amplifier output assumes a true high impedance state and 
the supply current is reduced significantly. 


The circuit shown in Figure 7 is a simplified schematic of the 
enable/disable function. The large value resistors in series 
with the DISABLE pin makes it appear as a current source to 
the driver. When the driver pulls this pin low current flows out 
of the pin and into the driver. This current, which may be as 
large as 350uA when external circuit and process variables 
are at their extremes, is required to insure that point “A” 
achieves the proper potential to disable the output. The 
driver must have the compliance and capability of sinking all 
of this current. 


+Voc 5 


ENABLE/ | 
DISABLE INPUT 


FIGURE 7. SIMPLIFIED SCHEMATIC OF ENABLE/DISABLE 
FUNCTION 


When Vcc is +5V the DISABLE pin may be driven with a 
dedicated TTL gate. The maximum low level output voltage 
of the TTL gate, 0.4V, has enough compliance to insure that 
the amplifier will always be disabled even though D, will not 
turn on, and the TTL gate will sink enough current to keep 
point “A” at its proper voltage. When V¢z is greater than +5V 
the DISABLE pin should be driven with an open collector 
device that has a breakdown rating greater than Vcc. 


Referring to Figure 7, it can be seen that Rg will act as a pull- 
up resistor to +Vcc if the DISABLE pin is left open. In those 
cases where the enable/disable function is not required on all 
circuits some circuits can be permanently enabled by letting 
the DISABLE pin float. If a driver is used to set the enable/dis- 
able level, be sure that the driver does not sink more than 
20uA when the DISABLE pin is at a high level. TTL gates, 
especially CMOS versions, do not violate this criteria so it is 
permissible to control the enable/disable function with TTL. 
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Typical Applications 
Two Channel Video Multiplexer 


Referring to the amplifier U;, in Figure 8, R, terminates the 
cable in its characteristic impedance of 75Q, and R4 back 
terminates the cable in its characteristic impedance. The 
amplifier is set up in a gain configuration of +2 to yield an 
overall network gain of +1 when driving a double terminated 
cable. The value of R3 can be changed if a different network 
gain is desired. Re holds the disable pin at ground thus inhib- 
iting the amplifier until the switch, S,, is thrown to position 1. 
At position 1 the switch pulls the disable pin up to the plus 
supply rail thereby enabling the amplifier. Since all of the 
actual signal switching takes place within the amplifier, it’s 
differential gain and phase parameters, which are 0.03% 
and 0.03 degrees respectively, determine the circuit's perfor- 
mance. The other circuit, U;p, operates in a similar manner. 


When the plus supply rail is 5V the disable pin can be driven 
by a dedicated TTL gate as discussed earlier. If a multiplexer 
IC or its equivalent is used to select channels its logic must be 
break before make. When these conditions are satisfied the 
HA-5020 is often used as a remote video multiplexer, and the 
multiplexer may be extended by adding more amplifier ICs. 


Low Impedance Multiplexer 


Two common problems surface when you try to multiplex 
multiple high speed signals into a low impedance source 
such as an A/D converter. The first problem is the low source 
impedance which tends to make amplifiers oscillate and 
Causes gain errors. The second problem is the multiplexer 
which supplies no gain, introduces all kinds of distortion and 
limits the frequency response. Using op amps which have an 
enable/disable function, such as the HA-5020, eliminates the 


multiplexer problems because the external mux chip is not 
needed, and the HA-5020 can drive low impedance (large 
capacitance) loads if a series isolation resistor is used. 


Referring to Figure 9, both inputs are terminated in their 
characteristic impedance; 75Q is typical for video applica- 
tions. Since the drivers usually are terminated in their char- 
acteristic impedance the input gain is 0.5, thus the 
amplifiers, Uj, are configured in a gain of +2 to set the circuit 
gain equal to one. Resistors Ro and Rg determine the ampli- 
fier gain, and if a different gain is desired Ro should be 
changed according to the equation G = (1 + Ra/Ro). Rg sets 
the frequency response of the amplifier so you should refer 
to the manufacturers data sheet before changing its value. 
Rs, C, and D, are an asymmetrical charge/discharge time 
circuit which configures U, as a break before make switch to 
prevent both amplifiers from being active simultaneously. If 
this design is extended to more channels the drive logic 
must be designed to be break before make. R, is enclosed 
in the feedback loop of the amplifier so that the large open 
loop amplifier gain of Us will present the load with a small 
closed loop output impedance while keeping the amplifier 
stable for all values of load capacitance. 


The circuit shown in Figure 9 was tested for the full range of 
capacitor values with no oscillations being observed; thus, 
problem one has been solved. The frequency and gain char- 
acteristics of the circuit are now those of the amplifier and 
independent of any multiplexing action; thus, problem two 
has been solved. The multiplexer transition time is approxi- 
mately 15us with the component values shown. 


Uia Re 
3 75 
VIDEO INPUT #1 ¢ “ > > VIDEO OUTPUT 
é a La me 
a 
Rs 
Rp 2000 
Rss 6st 
681 
= 1 
= R D2 Ray 
Urs 100 
VIDEO INPUT #2 ¢ 2R10 75 ee aan 
: - AL 
Rio 
‘ R7 2000 
= 8 681 
681 
= NOTES: 


22. U, is HA-5020. 

23. All resistors in Q. 

24. S, is break before make. 
25. Use ground plane. 


FIGURE 8. TWO CHANNEL HIGH IMPEDANCE MULTIPLEXER 
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INPUT B 
INPUT A ¢ 
Rip 
75 
CHANNEL 
SWITCH > OUTPUT 
Ure) wtp: i ial NOTES: 
INHIBIT © el: ’ Povee 26. Up: HA-5020. 


Dip 


27. Uy: CD4011. 


1N4148 
FIGURE 9. LOW IMPEDANCE MULTIPLEXER 


Typical Performance CurveS Vgyppyy = +15V, Ay = +1, Rr = 1kQ, Ry = 4002, Ta = 25°C, 
Unless Otherwise Specified 
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FIGURE 10. INPUT NOISE vs FREQUENCY (AVERAGE OF 18 
UNITS FROM 3 LOTS) 
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FIGURE 12. +INPUT BIAS CURRENT vs TEMPERATURE 
(AVERAGE OF 30 UNITS FROM 3 LOTS) 
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FIGURE 11. INPUT OFFSET VOLTAGE vs TEMPERATURE 


(ABSOLUTE VALUE AVERAGE OF 30 UNITS 
FROM 3 LOTS) 
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FIGURE 13. -INPUT BIAS CURRENT vs TEMPERATURE 
(ABSOLUTE VALUE AVERAGE OF 30 UNITS 
FROM 3 LOTS) 


3-330 


HA-5020 


Typical Performance Curves Vgyppyy = +15V, Ay = +1, Re = 1kQ, R, = 400Q, Ta = 25°C, 
Unless Otherwise Specified (Continued) 
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100 120 140 


FIGURE 14. TRANSIMPEDANCE vs TEMPERATURE (AVERAGE 
OF 30 UNITS FROM 3 LOTS) 


SUPPLY CURRENT (mA) 


SUPPLY VOLTAGE (+V) 


FIGURE 16. DISABLE SUPPLY CURRENT vs SUPPLY VOLTAGE 
(AVERAGE OF 30 UNITS FROM 3 LOTS) 


DISABLE = 0V 
Vin = 5Vp.p 
Re = 7500 
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FIGURE 18. DISABLE MODE FEEDTHROUGH vs FREQUENCY 


= io 
26 see 


SUPPLY CURRENT (mA) 


sien dobace ia 


FIGURE 15. SUPPLY CURRENT vs SUPPLY VOLTAGE 
(AVERAGE OF 30 UNITS FROM 3 LOTS) 
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FIGURE 17. SUPPLY CURRENT vs DISABLE INPUT VOLTAGE 
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FIGURE 19. DISABLED OUTPUT LEAKAGE vs TEMPERATURE 
(AVERAGE OF 30 UNITS FROM 3 LOTS) 
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Typical Performance Curves Vsyppiy = +15V, Ay = +1, Re = 1k, R, = 4002, Ts = 25°C, 
Unless Otherwise Specified (Continued) 
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FIGURE 20. ENABLE/DISABLE TIME vs OUTPUT VOLTAGE 
(AVERAGE OF 9 UNITS FROM 3 LOTS) 
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FIGURE 22. INVERTING FREQUENCY RESPONSE 
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FIGURE 24. BANDWIDTH AND GAIN PEAKING vs LOAD 
RESISTANCE 
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FIGURE 21. NON-INVERTING GAIN vs FREQUENCY 
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FIGURE 23. PHASE vs FREQUENCY 
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FIGURE 25. BANDWIDTH AND GAIN PEAKING vs FEEDBACK 
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Typical Performance CurveS Vgyppyy = £15V, Ay = +1, Re = 1kQ, Ry = 400, Ty = 25°C, 
Unless Otherwise Specified (Continued) 
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RESISTANCE 


eT 
10 


SOM Cnn 
A 
a ae 


|| , 7 Oe 

Rill Fe “ullll 
ell Ut 
alll HH 


OPERATIONAL 
AMPLIFIERS 


‘Cagil 


REJECTION RATIO (dB) 
REJECTION RATIO el 


60 jam 
-90 
10K 100K 10M 
TEMPERATURE (°C) eo 1 
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FIGURE 30. OUTPUT SWING OVERHEAD vs TEMPERATURE FIGURE 31. OUTPUT VOLTAGE SWING vs LOAD RESISTANCE 
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Typical Performance Curves Vgyppyy = +15V, Ay = +1, Re = 1kQ, Ry, = 4002. Ty = 25°C, 
Unless Otherwise Specified (Continued) 
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FIGURE 32. SHORT CIRCUIT CURRENT LIMIT vs TEMPERATURE 
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FIGURE 34. PROPAGATION DELAY vs SUPPLY VOLTAGE 
(AVERAGE OF 18 UNITS FROM 3 LOTS) 
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FIGURE 36. DISTORTION vs FREQUENCY 
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FIGURE 33. PROPAGATION DELAY vs TEMPERATURE 
(AVERAGE OF 18 UNITS FROM 3 LOTS) 
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FIGURE 35. SMALL SIGNAL OVERSHOOT vs LOAD 
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FIGURE 37. DIFFERENTIAL GAIN vs SUPPLY VOLTAGE 
(AVERAGE OF 18 UNITS FROM 3 LOTS) 
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Typical Performance CurveS Vgyppyy = +15V, Ay = +1, Re = 1kQ, R, = 4009, Ty = 25°C, 
Unless Otherwise Specified (Continued) 
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FIGURE 38. DIFFERENTIAL PHASE vs SUPPLY VOLTAGE FIGURE 39. SLEW RATE vs TEMPERATURE 
(AVERAGE OF 18 UNITS FROM 3 LOTS) (AVERAGE OF 30 UNITS FROM 3 LOTS) 


Typical Performance Curves Vgyppiy = +5V, Ay = +1, Re = 1kQ, R, = 4002, Ta = 25°C, Unless Otherwise Specified 
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Typical Performance Curves \Vsyppiy = +5V, Ay = +1, Re = 1k, Ry, = 400Q, Ta = 25°C, Unless Otherwise Specified (Continued) 
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FIGURE 44. BANDWIDTH AND GAIN PEAKING vs FEEDBACK 
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FIGURE 46. BANDWIDTH vs FEEDBACK RESISTANCE 
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FIGURE 48. PROPAGATION DELAY vs TEMPERATURE 
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FIGURE 45. BANDWIDTH AND GAIN PEAKING vs LOAD 
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FIGURE 47. REJECTION RATIOS vs FREQUENCY 
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FIGURE 49. SLEW RATE vs TEMPERATURE 
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Typical Performance Curves Vgyppiy = +5V, Ay = +1, Re = 1k, R,, = 4009, Ta = 25°C, Unless Otherwise Specified (Continued) 
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FIGURE 50. NON-INVERTING GAIN FLATNESS vs FREQUENCY 
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FIGURE 54. OUTPUT SWING vs TEMPERATURE 
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FIGURE 51. INVERTING GAIN FLATNESS vs FREQUENCY 
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FIGURE 53. REJECTION RATIO vs TEMPERATURE 
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Typical Performance Curves Vsyppiy = +5V, Ay = +1, Re = 1kQ, Ry = 4002, Ts = 
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Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 


1640um x 1520um x 483um Type: Nitride over uh A 
Silox Thickness: 12kA +2 
META ATION: 
pemaeielin Nitride Thickness: 3.5kA +1 kA 


Type: Aluminum, 1% Copper TRANSISTOR COUNT: 


Thickness: 16kA +2 
SUBSTRATE POTENTIAL (Powered Up): 
\- 
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DW HARRIS HA5022 


Dual, 125MHz, Video Current 


November 1996 Feedback Amplifier with Disable 
Features Description 
¢ Dual Version of HA-5020 The HA5022 is a dual version of the popular Harris HA- 


5020. It features wide bandwidth and high slew rate, and is 
optimized for video applications and gains between 1 and 


individual Output Enable/Disable 


e Input Offset Voltage... ....ccccssccccceenes 800LV 10. It is a current feedback amplifier and thus yields less 
* Wide Unity Gain Bandwidth ............... 125MHz_ Pandwidth degradation at high closed loop gains than volt- 
age feedback amplifiers. 

© SOW ROW isos ces e5hseeand cascensoniead 475Vius . 
; >, ne low differential gain and phase, 0.1dB gain flatness, and 
e Differential Gain esse eee eee eee ee he hhh hh hh 0.03% ability to drive two back terminated 75Q cables, make this 

° Differential Phase.............0..00: 0.03 Degrees amplifier ideal for demanding video applications. 

¢ Supply Current (per Amplifier)............... 7.5mA The HA5022 also features a disable function that signifi- 
. , cantly reduces supply current while forcing the output to a 
ERD TBR ett thenea pn sskeee ems r eR ei sada true high impedance state. This functionality allows 2:1 video 

¢ Guaranteed Specifications at +5V Supplies multiplexers to be implemented with a single IC. 
. ; The current feedback design allows the user to take advan- 
Applications tage of the amplifiers bandwidth dependency on the feed- 


back resistor. By reducing Re, the bandwidth can be 
increased to compensate for decreases at higher closed 
¢ Video Gain Block loop gains or heavy output loads. 


¢ Video Distribution Amplifier/RGB Amplifier Ordering Information 


e Flash A/D Driver TEMP. 
PART NUMBER | RANGE (°C) 


¢ Current to Voltage Converter 


e Video Multiplexers; Video Switching and Routing 


e Medical Imaging 


e Radar and Imaging Systems 


Pinout 
HA5022 
(PDIP, SOIC) 
TOP VIEW 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3392.4 


Copyright © Harris Corporation 1996 3-340 


HA5022 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals ..............000005 36V 
OG Iiput Volege (NOI S) vewisscecnascevawr vs sone +VSUPPLY 
Differential Input Voltage........... 0... cee ee eee 10V 
Output Current (Note 4) ................ Short Circuit Protected 


ESD Rating (Note 3) 


Human Body Model (Per MIL-STD-883 Method 3015.7) .. 2000V 
Operating Conditions 
Temperature Range ...............0 0c eee eee -40°C to 85°C 
Supply Voltage Range (Typical) ................. +4.5V to +15V 


Thermal Information 


Thermal Resistance (Typical, Note 2) Oya (CCW) 
PU PRE ssid 5a eke bo ew RTE W de woe ORES 90 
BOIS POGKRUGL «sac ccarcsineasanese sane eu as 115 

Maximum Junction Temperature (Note 1) ..............0- 175°C 

Maximum Junction Temperature (Plastic Package, Note 1) . . 150°C 

Maximum Storage Temperature Range ......... -65°C to 150°C 

Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Maximum power dissipation, including output load, must be designed to maintain junction temperature below 175°C for die, and below 
150°C for plastic packages. See Application Information section for safe operating area information. 


2. Oya is measured with the component mounted on an evaluation PC board in free air. 


3. The non-inverting input of unused amplifiers must be connected to GND. 


4. Output is protected for short circuits to ground. Brief short circuits to ground will not degrade reliability, however, continuous (100% duty 
cycle) output current should not exceed 15mA for maximum reliability. 


Electrical Specifications 


PARAMETER 
INPUT CHARACTERISTICS 
Input Offset Voltage (Vio) 


Ee a OC 
A 


Vig Common Mode Rejection Ratio 


Vio Power Supply Rejection Ratio +3.5V < Vs < +6.5V 


Non-Inverting Input (+IN) Current 


+IN Common Mode Rejection 


1 
(+IBCMR = FR) 


+IN Power Supply Rejection 
Inverting Input (-IN) Current 
Delta -IN BIAS Current Between Channels 


-IN Common Mode Rejection 


Vsuppty = +5V, Re = 1kQ, Ay = +1, RL = 400Q, C, < 10pF, Unless Otherwise Specified 


(NOTE 11) 
TEST 


TEST CONDITIONS 
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Electrical Specifications = Vsyppyy =+5V, Rr = 1kQ, Ay = +1, Ry, = 400, C; < 10pF, Unless Otherwise Specified (Continued) 


(NOTE 11) 
TEST | TEMP. 
PARAMETER TEST CONDITIONS LEVEL | (°C) TYP UNITS 


-IN Power Supply Rejection 


A Full 
Input Noise Voltage 


+Input Noise Current f = 1kHz 
-Input Noise Current f = 1kHz 


TRANSFER CHARACTERISTICS 
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25.0 


ine) 
oO 


Nh 
a[a[a|e 
nN) > 
on on 

oO 
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5 es 
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25 
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Transimpedance Note 16 


Full 0.85 
Open Loop DC Voltage Gain Ry = 4002, Vout = +2.5V 


Full 65 


ine) 
oO 


ine) 
on 
~ : 
oO 


ou 
2) 


Open Loop DC Voltage Gain R_ = 1002, Vout = £2.5V 


Full 45 


OUTPUT CHARACTERISTICS 


25 
Full 
Full 
Full 


+2.5 +3.0 


+3.0 


Output Voltage Swing 


Output Current Ry = 1502 
Output Current, Short Circuit Vin = £2.5V, Vout = OV 


Output Current, Disabled VouT = £2.5V, Vin = OV, 
DISABLE = OV 


Output Disable Time Note 12 
Output Enable Time Note 13 
Output Capacitance, Disabled Note 14 


POWER SUPPLY CHARACTERISTICS 


R= 1502 


12.5 
+16.6 | +20.0 


A +40 +60 


Full 
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25 
Full 
Full 
Full 
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Supply Voltage Range 5 


~“J 
un 


Quiescent Supply Current mA/Op Amp 


DISABLE = OV mA/Op Amp 


DISABLE = 0V 


Supply Current, Disabled 75 


Disable Pin Input Current 1.0 


Note 6 Full 350 


Full 


Minimum Pin 8 Current to Disable 


Note 7 


ie) 
oO 


=k 
ol 


Maximum Pin 8 Current to Enable 
AC CHARACTERISTICS (Ay = +1) 


Full Power Bandwidth 


Rise Time Note 10 


Propagation Delay Note 10 

-3dB Bandwidth Vout = 100mV 
Settling Time to 1% 2V Output Step 
Settling Time to 0.25% 2V Output Step 
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Electrical Specifications = Vsyppyy =+5V, Re = 1kQ, Ay = +1, Ri = 4009, C, < 10pF, Unless Otherwise Specified (Continued) 


(NOTE 11) 
TEST 
PARAMETER TEST CONDITIONS LEVEL 


AC CHARACTERISTICS (Ay = +2, Re = 6812) 


Slew Rate Note 8 


MF MF PM Nh 
oy oy on on 


NO 
on 


Full Power Bandwidth Note 9 


Note 10 


ie) 
on 


Rise Time 
Fall Time Note 10 


Propagation Delay Note 10 


o 
° 


o 


Overshoot 


NO 
on 


-3dB Bandwidth Vout = 100mVv 


ine) 
on 
on 
oO 


ortei— 
orf Po 


Settling Time to 1% 2V Output Step 


ie) 
on 


Settling Time to 0.25% 2V Output Step 
5MHz 
20MHz 


AC CHARACTERISTICS (Ay = +10, Re = 3832) 


Differential Gain (Note 15) Ry = 150Q 0.03 % 
Differential Phase (Note 15) Ry = 150 
NOTES: 


5. Vom = +2.5V. At -40°C Product is tested at Von = +2.25V because short test duration does not allow self heating. 


6. Ry = 1002, Vix = 2.5V. This is the minimum current which must be pulled out of the Disable pin in order to disable the output. The output 
is considered disabled when -10mV < Voyt < +10MmV. 


7. Vin = OV. This is the maximum current that can be pulled out of the Disable pin with the HA5022 remaining enabled. The HA5022 is 
considered disabled when the supply current has decreased by at least 0.5mA. 


8. Voyt switches from -2V to +2V, or from +2V to -2V. Specification is from the 25% to 75% points. 


ie) 
on 


Gain Flatness 


oi 
Nh 
OPERATIONAL 


Nh hm Ff Mh 
oO o;yTo 

jee) 
; Bee 


ie) 
oO 


no 
on 
oe 
Olio 


ie) 

oi 

NT ® io) 
oy om 


Degrees 


Slew Rate . 
enV PEAK 
10. Ry = 1002, Voyrt = 1V. Measured from 10% to 90% points for rise/fall times; from 50% points of input and output for propagation delay. 
11. A. Production Tested; B. Typical or Guaranteed Limit based on characterization; C. Design Typical for information only. 

12. Vin = +2V, DISABLE = +5V to OV. Measured from the 50% point of DISABLE to Voyt = OV. 

13. Vin = +2V, DISABLE = OV to +5V. Measured from the 50% point of DISABLE to Voyt = 2V. 

14. Vin = OV, Force Voyt from OV to +2.5V, tr = te = 50ns, DISABLE = OV. 

15. Measured with a VM700A video tester using an NTC-7 composite VITS. 

16. Voyt = +2.5V. At -40°C Product is tested at Voyt = +2.25V because short test duration does not allow self heating. 


9. FPBW = V = 2V. 
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Test Circuits and Waveforms 


- 
HP4195 ! 
NETWORK '! 
ANALYZER i 
i 
1 
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FIGURE 1. TEST CIRCUIT FOR TRANSIMPEDANCE MEASUREMENTS 


me Vout 


“ Vout 


FIGURE 2. SMALL SIGNAL PULSE RESPONSE CIRCUIT FIGURE 3. LARGE SIGNAL PULSE RESPONSE CIRCUIT 
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Vertical Scale: Vij = 100mV/Div., Voyy = 100mV/Div. Vertical Scale: Viy = 1V/Div., Voyt = 1V/Div. 
Horizontal Scale: 20ns/Div. Horizontal Scale: 50ns/Div. 
FIGURE 4. SMALL SIGNAL RESPONSE FIGURE 5. LARGE SIGNAL RESPONSE 
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Schematic Diagram 
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Application Information 
Optimum Feedback Resistor 


The plots of inverting and non-inverting frequency response, 
see Figure 11 and Figure 12 in the Typical Performance 
Curves section, illustrate the performance of the HA5022 in 
various closed loop gain configurations. Although the band- 
width dependency on closed loop gain isn’t as severe as that 
of a voltage feedback amplifier, there can be an appreciable 
decrease in bandwidth at higher gains. This decrease may 
be minimized by taking advantage of the current feedback 
amplifiers unique relationship between bandwidth and Rr. 
All current feedback amplifiers require a feedback resistor, 
even for unity gain applications, and Rr, in conjunction with 
the internal compensation capacitor, sets the dominant pole 
of the frequency response. Thus, the amplifier’s bandwidth is 
inversely proportional to Re. The HA5022 design is opti- 
mized for a 100022 Rr at a gain of +1. Decreasing Rr in a 
unity gain application decreases stability, resulting in exces- 
sive peaking and overshoot. At higher gains the amplifier is 
more stable, so Re can be decreased in a trade-off of stabil- 
ity for bandwidth. 


The table below lists recommended Rr values for various 
gains, and the expected bandwidth. 


GAIN BANDWIDTH 
| — Re (82) (MHz) 


PC Board Layout 


The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 
use of low inductance components such as chip resistors 
and chip capacitors is strongly recommended. If leaded 
components are used the leads must be kept short espe- 
cially for the power supply decoupling components and 
those components connected to the inverting input. 


Attention must be given to decoupling the power supplies. A 
large value (10uF) tantalum or electrolytic capacitor in paral- 
lel with a small value (0.1u.F) chip capacitor works well in 
most cases. 


A ground plane is strongly recommended to control noise. 
Care must also be taken to minimize the capacitance to 
ground seen by the amplifiers inverting input (-IN). The 
larger this capacitance, the worse the gain peaking, resulting 
in pulse overshoot and _ possible instability. It is 
recommended that the ground plane be removed under 
traces connected to -IN, and that connections to -IN be kept 
as short as possible to minimize the capacitance from this 
node to ground. 


Driving Capacitive Loads 


Capacitive loads will degrade the amplifiers phase margin 
resulting in frequency response peaking and possible oscil- 
lations. In most cases the oscillation can be avoided by plac- 
ing an isolation resistor (R) in series with the output as 
shown in Figure 6. 


Vout 


FIGURE 6. PLACEMENT OF THE OUTPUT ISOLATION 
RESISTOR, R 


The selection criteria for the isolation resistor is highly 
dependent on the load, but 27Q has been determined to be 
a good starting value. 


Power Dissipation Considerations 


Due to the high supply current inherent in quad amplifiers, 
care must be taken to insure that the maximum junction tem- 
perature (Ty see Absolute Maximum Ratings) is not 
exceeded. Figure 7 shows the maximum ambient tempera- 
ture versus supply voltage for the available package styles 
(PDIP, SOIC). At Vs = +5V quiescent operation both pack- 
age styles may be operated over the full industrial range of - 
40°C to 85°C. It is recommended that thermal calculations, 
which take into account output power, be performed by the 
designer. 


MAX. AMBIENT TEMPERATURE 


11 13 15 
SUPPLY VOLTAGE (+V) 


FIGURE 7. MAXIMUM OPERATING AMBIENT TEMPERATURE 
vs SUPPLY VOLTAGE 


Enable/Disable Function 


When enabled the amplifier functions as a normal current 
feedback amplifier with all of the data in the electrical specifi- 
cations table being valid and applicable. When disabled the 
amplifier output assumes a true high impedance state and 
the supply current is reduced significantly. 
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The circuit shown in Figure 8 is a simplified schematic of the 
enable/disable function. The large value resistors in series 
with the DISABLE pin makes it appear as a current source to 
the driver. When the driver pulls this pin low current flows out 
of the pin and into the driver. This current, which may be as 
large as 350uA when external circuit and process variables 
are at their extremes, is required to insure that point “A” 
achieves the proper potential to disable the output. The 
driver must have the compliance and capability of sinking all 
of this current. 


V+ 


FIGURE 8. SIMPLIFIED SCHEMATIC OF ENABLE/DISABLE 
FUNCTION 


When Vcc is +5V the DISABLE pin may be driven with a 
dedicated TTL gate. The maximum low level output voltage 
of the TTL gate, 0.4V, has enough compliance to insure that 
the amplifier will always be disabled even though Dy, will not 
turn on, and the TTL gate will sink enough current to keep 
point “A” at its proper voltage. When V¢c¢ is greater than +5V 
the DISABLE pin should be driven with an open collector 
device that has a breakdown rating greater than Vcc. 


Referring to Figure 8, it can be seen that Re will act as a pull- 
up resistor to +Vcc if the DISABLE pin is left open. In those 
cases where the enable/disable function is not required on 
all circuits some circuits can be permanently enabled by let- 
ting the DISABLE pin float. If a driver is used to set the 
enable/disable level, be sure that the driver does not sink 
more than 20uA when the DISABLE pin is at a high level. 
TTL gates, especially CMOS versions, do not violate this cri- 
teria so it is permissible to control the enable/disable func- 
tion with TTL. 


Typical Applications 


Two Channel Video Multiplexer 


Referring to the amplifier Uj, in Figure 9, Rj terminates the 
cable in its characteristic impedance of 75Q, and Rq back 
terminates the cable in its characteristic impedance. The 
amplifier is set up in a gain configuration of +2 to yield an 
overall network gain of +1 when driving a double terminated 
cable. The value of Rg can be changed if a different network 
gain is desired. Rs holds the disable pin at ground thus 
inhibiting the amplifier until the switch, S1, is thrown to posi- 


tion 1. At position 1 the switch pulls the disable pin up to the 
plus supply rail thereby enabling the amplifier. Since all of 
the actual signal switching takes place within the amplifier, 
it's differential gain and phase parameters, which are 0,03% 
and 0.03 degrees respectively, determine the circuit’s perfor- 
mance. The other circuit, U;p, operates in a similar manner. 


When the plus supply rail is 5V the disable pin can be driven 
by a dedicated TTL gate as discussed earlier. If a multiplexer 
IC or its equivalent is used to select channels its logic must 
be break before make. When these conditions are satisfied 
the HA5022 is often used as a remote video multiplexer, and 
the multiplexer may be extended by adding more amplifier 
ICs. 


Low Impedance Multiplexer 


Two common problems surface when you try to multiplex 
multiple high speed signals into a low impedance source 
such as an A/D converter. The first problem is the low source 
impedance which tends to make amplifiers oscillate and 
causes gain errors. The second problem is the multiplexer 
which supplies no gain, introduces all kinds of distortion and 
limits the frequency response. Using op amps which have an 
enable/disable function, such as the HA5022, eliminates the 
multiplexer problems because the external mux chip is not 
needed, and the HA5022 can drive low impedance (large 
Capacitance) loads if a series isolation resistor is used. 


Referring to Figure 10, both inputs are terminated in their 
characteristic impedance; 75Q is typical for video applica- 
tions. Since the drivers usually are terminated in their char- 
acteristic impedance the input gain is 0.5, thus the 
amplifiers, Uo, are configured in a gain of +2 to set the circuit 
gain equal to one. Resistors Ro and Rg determine the ampli- 
fier gain, and if a different gain is desired Ro should be 
changed according to the equation G = (1 + Ra/Ro). Rg sets 
the frequency response of the amplifier so you should refer 
to the manufacturers data sheet before changing its value. 
Rs, Cy and Dy; are an asymmetrical charge/discharge time 
circuit which configures U; as a break before make switch to 
prevent both amplifiers from being active simultaneously. If 
this design is extended to more channels the drive logic 
must be designed to be break before make. Ry is enclosed 
in the feedback loop of the amplifier so that the large open 
loop amplifier gain of Us will present the load with a small 
closed loop output impedance while keeping the amplifier 
stable for all values of load capacitance. 


The circuit shown in Figure 10 was tested for the full range of 
capacitor values with no oscillations being observed; thus, 
problem one has been solved.The frequency and gain char- 
acteristics of the circuit are now those of the amplifier inde- 
pendent of any multiplexing action; thus, problem two has 
been solved. The multiplexer transition time is approximately 
15us with the component values shown. 
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VIDEO INPUT #1 @ 


VIDEO INPUT #2 © 


+5V IN — +5V 
‘4 


HA5022 


Ra 
3 A, 75 
2 
Ry -<¢ Mame 
a 
Rs 
te Ro 2000 
Ras 681 
681 J 
~ 8 
Uis : 
: 1075 
a 
75 
Ri0 
R R7 2000 
= 8 
tS 681 


, VIDEO OUTPUT 
TO 750 LOAD 


NOTES: 

17. Uy is HA5022. 

18. All resistors in Q. 

19. S, is break before make. 
20. Use ground plane. 


FIGURE 9. TWO CHANNEL HIGH IMPEDANCE MULTIPLEXER 


INPUT B ¢ 


INPUT A ¢ 


CHANNEL 
SWITCH ~ 


INHIBIT o 


NOTES: 
21. Us: HA5022. 
22. Uy: CD4011. 


FIGURE 10. LOW IMPEDANCE MULTIPLEXER 
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Typical Performance Curves Vsyppyy = +5V, Ay = +1, Re = 1k, Ry, = 4009, Ta = 


VouT = 9.2Vp.p 
4 C, = 10pF 
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FIGURE 11. NON-INVERTING FREQUENCY RESPONSE 
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Typical Performance Curves Vsyppiy = +5V, Ay = +1, Re = 1K, Ry, = 4002, Ta = 25°C, Unless Otherwise Specified (Continued) 
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Typical Performance Curves \Vsyppry = +5V, Ay = +1, Rr = 1k, Ri, = 4000, Ta = 25°C, Unless Otherwise Specified (Continued) 
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Typical Performance Curves Vsyppiy = +5V, Ay = +1, Rr = 1kQ, Ri, = 4002, Ta = 25°C, Unless Otherwise Specified (Continued) 
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Typical Performance Curves Vgyppiy =+45V, Ay = +1, Re = 1kQ, Ry, = 4000, Ta = 25°C, Unless Otherwise Specified (Continued) 
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Typical Performance Curves Vsyppy = +5V, Ay = +1, Re = 1kQ, Ri, = 400, Ta = 25°C, Unless Otherwise Specified (Continued) 


DISABLE TIME (1s) 


SEPARATION (dB) 
ENABLE TIME (ns) 


7 


0 
1 2.5 -2.0 -15 -10 05 0 05 10 15 20 25 
FREQUENCY (MHz) OUTPUT VOLTAGE (V) 


FIGURE 41. CHANNEL SEPARATION vs FREQUENCY FIGURE 42. ENABLE/DISABLE TIME vs OUTPUT VOLTAGE 
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Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
1650um x 2540um x 483um Type: Nitride 
Thickness: 4kA +0.4kA 
METALLIZATION: 
Type: Metal 1: AlCu (1%) TRARSIST a COURt 
Thickness: Metal 1: 8kA +0.4kA 124 
Type: Metal 2: AlCu (1% PROCESS: 


Thickness: Metal 2: 16kA +0.8kA a 
High Frequency Bipolar Dielectric Isolation 


SUBSTRATE POTENTIAL (Powered Up): 
\- 
Metallization Mask Layout 
HA5022 
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SEMICONDUCTOR 


aD 


November 1996 


HA5023 


Dual 125MHz Video Current 
Feedback Amplifier 


Features 
¢ Wide Unity Gain Bandwidth ............... 125MHz 
© SO FONG 66 ch ceeiee base ceneeeusecendens 475V/us 


Description 


The HA5023 is a wide bandwidth high slew rate dual 
amplifier optimized for video applications and gains between 
1 and 10. It is a current feedback amplifier and thus yields 


¢ Input Offset Voltage...............00 ce eeee 800u.V less bandwidth degradation at high closed loop gains than 
; : . voltage feedback amplifiers. 
» Diterential GOIN. s.cccccracacasderaesenees 0.03% 
. The low differential gain and phase, 0.1dB gain flatness, and 
* Differential Phase................... 0.03 Degrees ability to drive two back terminated 75Q cables, make this 
e Supply Current (per Amplifier).............. 7.5mA amplifier ideal for demanding video applications. 
* ESD Protection..........000cccceeeeeeeecs 4o00v The current feedback design allows the user to take 
oo ; advantage of the amplifiers bandwidth dependency on the 
* Guaranteed Specifications at +5V Supplies feedback resistor. By reducing Re, the bandwidth can be 
increased to compensate for decreases at higher closed 
A pp lications loop gains or heavy output loads. 
; The performance of the HA5023 is very similar to the popu- 
* Video Gain Block lar Harris HA-5020. 
¢ Video Distribution Amplifier/RGB Amplifier . 7 
. : Ordering Information 
e Flash A/D Driver 
PART NUMBER TEMP. 
¢ Current to Voltage Converter (BRAND) RANGE (°C) 
+ Medical Imaging 
(H5023!) 
* Video Switching and Routing High Speed Op Amp DIP Evaluation Board 
Pinout 
HA5023 
(PDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


Copyright © Harris Corporation 1996 
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File Number 3393.5 


HA5023 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals.................... 36V 
DC Input Voltage (Note 3) .... 2... ca cece ene. +VSUPPLY 
Ditererival INPUL VONAGS..c0ses creat awardee eden cadences 10V 
Output Current (Note 4) ................ Short Circuit Protected 


ESD Rating (Note 3) 


Human Body Model (Per MIL-STD-883 Method 3015.7)... 2000V 
Operating Conditions 
Temperature Range ..............00c cece eeaee -40°C to 85°C 
Supply Voltage Range (Typical) ................. +4.5V to +15V 


Thermal Information 


Thermal Resistance (Typical, Note 2) Bya (°C/W) 
PDIP PROMAOG s cs ce crak ei agevtanenscanewetasn 130 
SO PECANS: oi reced se nceen ead cae awun o awe 160 

Maximum Junction Temperature (Note 1) ................. 175°C 

Maximum Junction Temperature (Plastic Package, Note 1) . . 150°C 

Maximum Storage Temperature Range ......... -65°C to 150°C 

Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Maximum power dissipation, including output load, must be designed to maintain junction temperature below 175°C for die, and below 
150°C for plastic packages. See Application Information section for safe operating area information. 


2. 8ja is measured with the component mounted on an evaluation PC board in free air. 


3. The non-inverting input of unused amplifiers must be connected to GND. 


4. Output is protected for short circuits to ground. Brief short circuits to ground will not degrade reliability, however, continuous (100% duty 
cycle) output current should not exceed 15mA for maximum reliability. 


Electrical Specifications Vsyppy,y = +5V, Rp = 1kQ, Ay = +1, Ry = 400Q, C, < 10pF, 


Unless Otherwise Specified 


PARAMETER 
INPUT CHARACTERISTICS 


Input Offset Voltage (Vio) 


Delta Vio Between Channels 


Input Common Mode Range 


Non-inverting Input (+IN) Current 
+IN Common Mode Rejection 
Papen eS 
(+IBCMR = FR) 
+IN Power Supply Rejection 


Inverting Input (-IN) Current 


Delta -IN BIAS Current Between Channels 


TEST CONDITIONS 


(NOTE 9) 
TEST 


ine) 


ul 


b 
ro) 


_ 


canis — 


<a 
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Electrical Specifications Vsyppyy = +5V, Rp = 1kQ, Ay = +1, Ry = 400Q, C, < 10pF, 
Unless Otherwise Specified (Continued) 


PARAMETER 


-IN Common Mode Rejection 
-IN Power Supply Rejection 


Input Noise Voltage 

+Input Noise Currant 

-Input Noise Curent 

TRANSFER CHARACTERISTICS 


Transimpedence 
Open Loop DC Voltage Gain 
Open Loop DC Voltage Gain 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 


Outout Current 

Output Current, Short Circuit 
POWER SUPPLY CHARACTERISTICS 
Supply Voltage Range 

Quiescent Supply Current 

AC CHARACTERISTICS (Ay = +1) 
Slew Rate 

Full Power Bandwidth 

Rise Time 

Fall Time 

Propagation Delay 

Overshoot 

-3dB Bandwidth 


Settling Time to 1% 


Settling Time to 0.25% 


(NOTE 9) 
TEST 


TEST CONDITIONS 


Note 5 


= ofol=]|: 
orf MO 


oO 


+3.5V < Vg < +6.5V 


ine) 
Oo 
ie) 
on uo 


ae) 
on 


nN 


: mo] a 
on ° 


5 


B 
o 


Note 11 


io) 


0.85 


a 


Ry = 4002, Vout = +2.5V 


io) 


Ry = 1002, Voyt = +2.5V 


Ay = 1600 25 | w80 
2s | 230 


o;roat nN 
oa?) 


Ry = 150Q +16.6 | +20.0 


S 


VIN = #2.5V, VoyT = OV +40 +60 


oi 
2 = SISlZlelelels 
< >|>]<1< B| 5 z/z/z/</2|<| 2 
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Electrical Specifications Vsyppyy = +5V, Rr = 1kQ, Ay = +1, Ry = 4000, C; < 10pF, 
Unless Otherwise Specified (Continued) 


PARAMETER TEST CONDITIONS 


AC CHARACTERISTICS (Ay = +2, Re = 68122) 


Full Power Bandwidth 
Propagation Delay 
Overshoot rd 
308 Banda 
Settling Time to 1% 
Settling Time to 0.25% 
Gain Flatness MHz 


ol 
= 
26 
N 


an 

20MH 

20MHz =" cc 

AC CHARACTERISTICS (Ay = +10, Rr = 383Q = iL 
qa 
WS 
Od 
oO 


Rise Time Note 8 


Propagation Delay 
Overshoot ae 
-3dB Bandwidth Vout = 100mV 

Setting Te to 1% 
Settling Time to 0.1% 


VIDEO CHARACTERISTICS 


Full Power Bandwidth 


Differential Gain (Note 10) 


Differential Phase (Note 10) 


NOTES: 
5. Vom = +2.5V. At -40°C Product is tested at Vcyy = +2.25V because Short Test Duration does not allow self heating. 
6. Vout switches from -2V to +2V, or from +2V to -2V. Specification is from the 25% to 75% points. 


Slew Rate . _ 


enV DEAK Jf, 
8. Ry = 1002, Voyt = 1V. Measured from 10% to 90% points for rise/fall times; from 50% points of input and output for propagation delay. 
9. A. Production Tested; B. Typical or Guaranteed Limit based on characterization; C. Design Typical for information only. 
10. Measured with a VM700A video tester using an NTC-7 composite VITS. 
11. Voyt = +2.5V. At -40°C Product is tested at Voyt = +2.25V because Short Test Duration does not allow self heating. 
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Test Circuits and Waveforms 


HP4195 
NETWORK 
ANALYZER 


HA5023 


FIGURE 1. TEST CIRCUIT FOR TRANSIMPEDANCE MEASUREMENTS 


Vout 


FIGURE 2. SMALL SIGNAL PULSE RESPONSE CIRCUIT 
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Vertical Scale: Vij = 100mV/Div., Voyt = 100mV/Div. 
Horizontal Scale: 20ns/Div. 


FIGURE 4. SMALL SIGNAL RESPONSE 
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FIGURE 3. LARGE SIGNAL PULSE RESPONSE CIRCUIT 
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Horizontal Scale: 50ns/Div. 


FIGURE 5. LARGE SIGNAL RESPONSE 
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Schematic Diagram (One Amplifier of Two) 
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Application Information 
Optimum Feedback Resistor 


The plots of inverting and non-inverting frequency response, 
see Figure 8 and Figure 9 in the typical performance section, 
illustrate the performance of the HA5023 in various closed 
loop gain configurations. Although the bandwidth depen- 
dency on closed loop gain isn’t as severe as that of a voltage 
feedback amplifier, there can be an appreciable decrease in 
bandwidth at higher gains. This decrease may be minimized 
by taking advantage of the current feedback amplifier’s 
unique relationship between bandwidth and Rr. All current 
feedback amplifiers require a feedback resistor, even for 
unity gain applications, and Rr, in conjunction with the inter- 
nal compensation capacitor, sets the dominant pole of the 
frequency response. Thus, the amplifiers bandwidth is 
inversely proportional to Re. The HA5023 design is opti- 
mized for a 1000Q2 Rr at a gain of +1. Decreasing Reg ina 
unity gain application decreases stability, resulting in exces- 
sive peaking and overshoot. At higher gains the amplifier is 
more stable, so Re can be decreased in a trade-off of stabil- 
ity for bandwidth. 


The table below lists recommended Rr values for various 
gains, and the expected bandwidth. 


GAIN BANDWIDTH 
(Act) Re (22) (MHz) 


PC Board Layout 


The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 
use of low inductance components such as chip resistors 
and chip capacitors is strongly recommended. If leaded 
components are used the leads must be kept short espe- 
cially for the power supply decoupling components and 
those components connected to the inverting input. 


Attention must be given to decoupling the power supplies. A 
large value (10uF) tantalum or electrolytic capacitor in paral- 
lel with a small value (0.1u.F) chip capacitor works well in 
most cases. 


A ground plane is strongly recommended to control noise. 
Care must also be taken to minimize the capacitance to 
ground seen by the amplifiers inverting input (-IN). The 
larger this capacitance, the worse the gain peaking, resulting 
in pulse overshoot and possible instability. It is recom- 
mended that the ground plane be removed under traces con- 


nected to -IN, and that connections to -IN be kept as short as 
possible to minimize the capacitance from this node to 
ground. 


Driving Capacitive Loads 


Capacitive loads will degrade the amplifiers phase margin 
resulting in frequency response peaking and possible oscilla- 
tions. In most cases the oscillation can be avoided by placing 
an isolation resistor (R) in series with the output as shown in 
Figure 6. 


ue Vout 


FIGURE 6. PLACEMENT OF THE OUTPUT ISOLATION 
RESISTOR, R 


The selection criteria for the isolation resistor is highly 
dependent on the load, but 27Q has been determined to be 
a good starting value. 


Power Dissipation Considerations 


Due to the high supply current inherent in quad amplifiers, 
care must be taken to insure that the maximum junction tem- 
perature (Ty, see Absolute Maximum Ratings) is not 
exceeded. Figure 7 shows the maximum ambient temperature 
versus supply voltage for the available package styles (Plastic 
DIP, SOIC). At +5Vpc quiescent operation both package 
styles may be operated over the full industrial range of -40°C 
to 85°C. It is recommended that thermal calculations, which 
take into account output power, be performed by the designer. 
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FIGURE 7. MAXIMUM OPERATING AMBIENT TEMPERATURE 
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Typical Performance Curves Veyppvy = +5V. Ay = +1. Re = 1k, Ry = 400, Ta = 25°C, 
Unless Otherwise Specified 
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FIGURE 8. NON-INVERTING FREQENCY RESPONSE 
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FIGURE 10. PHASE RESPONSE AS A FUNCTION OF 
FREQUENCY 
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FIGURE 12. BANDWIDTH AND GAIN PEAKING vs FEEDBACK 
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FIGURE 11. BANDWIDTH AND GAIN PEAKING vs FEEDBACK 
RESISTANCE 
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FIGURE 13. BANDWIDTH AND GAIN PEAKING vs LOAD 
RESISTANCE 
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Typical Performance Curves Vsuppty = +9V, Ay = +1, Re = 1kQ, Ry = 400Q, Ta = 25°C, 
Unless Otherwise Specified (Continued) 
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FIGURE 16. DIFFERENTIAL GAIN vs SUPPLY VOLTAGE FIGURE 17. DIFFERENTIAL PHASE vs SUPPLY VOLTAGE 
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FIGURE 32. SUPPLY CURRENT vs DISABLE INPUT VOLTAGE 
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FIGURE 34. OUTPUT SWING vs LOAD RESISTANCE 


1.5 


—_ 
o 


ABIAS CURRENT (/A) 
° 
ou 


-0 -40 -20 0 20 40 60 80 100 120 140 
TEMPERATURE (°C) 
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FIGURE 35. INPUT OFFSET VOLTAGE CHANGE BETWEEN 
CHANNELS vs TEMPERATURE 
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FIGURE 37. CHANNEL SEPARATION vs FREQUENCY 
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Die Characteristics 


DIE DIMENSIONS: 
1650um x 2540um x 483um 


METALLIZATION: 


Type: Metal 1: AlCu (1%) 
Thickness: Metal 1: 8kA +0.4kA 


Type: Metal 2: AlCu (1% 
Thickness: Metal 2: 16 +0.8kA 


SUBSTRATE POTENTIAL (Powered Up): 


Ve 


Metallization Mask Layout 


-IN1 


+IN1 


NC 


NC 


HA5023 


PASSIVATION: 


Type: Nitride 
Thickness: 4kA +0.4kA 


TRANSISTOR COUNT: 
124 


PROCESS: 


High Frequency Bipolar Dielectric Isolation 


HA5023 


OUT NC 


V+ 


OUT2 


v1 
Oo 
w 
al 
Dp 
DB 


+IN -IN 
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Quad 125MHz Video Current 
Feedback Amplifier with Disable 


aD 


November 1996 


Features 


Quad Version of HA-5020 
Individual Output Enable/Disable 
Input Offset Voltage 

Wide Unity Gain Bandwidth 


Slew Rate 


Differential Phase 
Supply Current (per Amplifier) 
ESD Protection 


Guaranteed Specifications at +5V Supplies 


Applications 


Video Multiplexers; Video Switching and Routing 
Video Gain Block 

Video Distribution Amplifier/RGB Amplifier 

Flash A/D Driver 

Current to Voltage Converter 

Medical Imaging 


Radar and Imaging Systems 


Description 


The HA5024 is a quad version of the popular Harris 
HA5020. It features wide bandwidth and high slew rate, and 
is optimized for video applications and gains between 1 and 
10. It is a current feedback amplifier and thus yields less 
bandwidth degradation at high closed loop gains than volt- 
age feedback amplifiers. 


The low differential gain and phase, 0.1dB gain flatness, and 
ability to drive two back terminated 75Q cables, make this 
amplifier ideal for demanding video applications. 


The HA5024 also features a disable function that signifi- 
cantly reduces supply current while forcing the output to a 
true high impedance state. This functionality allows 2:1 and 
4:1 video multiplexers to be implemented with a single IC. 


The current feedback design allows the user to take advan- 
tage of the amplifiers bandwidth dependency on the feed- 
back resistor. By reducing Rr, the bandwidth can be 
increased to compensate for decreases at higher closed 
loop gains or heavy output loads. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C)} PACKAGE 


HA5024I|P -40to85 |20LdPDIP E20.3 
HA50241B -40to85 |20Ld SOIC M20.3 


HA5024EVAL High Speed Op Amp DIP Evaluation Board 


HA5024 
(PDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 
pyrig p 3-370 
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Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals.................... 36V 
DC inpul Voliage (NOIS'S) cccesccececisess ve eewnes +VsyupPPLy 
Dinerenual WUE VONANG. osc eskccaesncesasa ved saveiesan 10V 
Output Current (Note 4) ................ Short Circuit Protected 


ESD Rating (Note 3) 


Human Body Model (Per MIL-STD-883 Method 3015.7) .. 2000V 
Operating Conditions 
Temperature Range ...............000.eeeeee -40°C to 85°C 
Supply Voltage Range (Typical)................. +4.5V to +15V 


Thermal Information 


Thermal Resistance (Typical, Note 2) Bya (CCW) 
PUP PAGHAGG <n. a<tesnenb ne cicewesbdGoewns 75 
BONG PACHAOG: o6i46 cc ekdeeeenaekdreinenwas 90 

Maximum Junction Temperature (Note 1) ................. 175°C 

Maximum Junction Temperature (Plastic Package, Note 1) .... 150°C 

Maximum Storage Temperature Range ......... -65°C to 150°C 

Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Maximum power dissipation, including output load, must be designed to maintain junction temperature below 175°C for die, and below 
150°C for plastic packages. See Application Information section for safe operating area information. 


2. 8ja is measured with the component mounted on an evaluation PC board in free air. 


3. The non-inverting input of unused amplifiers must be connected to GND. 


4. Output is protected for short circuits to ground. Brief short circuits to ground will not degrade reliability, however, continuous (100% duty 
cycle) output current should not exceed 15mA for maximum reliability. 


Electrical Specifications 


PARAMETER 
INPUT CHARACTERISTICS 


Input Offset Voltage (Vio) 


Vio Common Mode Rejection Ratio Note 5 


Vio Power Supply Rejection Ratio +3.5V < Vg <+6.5V 


Non-Inverting Input (+IN) Current 


+IN Common Mode Rejection Note 5 
(+IBCMR = ) 
IN 
+IN Power Supply Rejection +3.5V < Vg < +6.5V 


Inverting Input (-IN) Current 


Delta -IN BIAS Current Between Channels 
-IN Common Mode Rejection Note 5 


-IN Power Supply Rejection +3.5V < Vg < +6.5V 


TEST CONDITIONS 


EE a OC 
average npuOfsetvetace bri 


VsupPLy = SSV, Rp = 1kQ, Ay = +1, RL = 400Q, C, < 10pF,Unless Otherwise Specified 


(NOTE 11) 
TEST | TEMP. 
LEVEL | (°c) TYP UNITS 
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Electrical Specifications = Vsyppyy =+5V, Rr = 1kQ, Ay = +1, Ry = 400, C, < 10pFUnless Otherwise Specified (Continued) 


TEMP. 
TEST CONDITIONS (°C) TYP UNITS 


a [rar [oes Po 


Open Loop DC Voltage Gain Ri = 4000, Vout = #2.5V | 25a | 25 | vo | - { - | a 

Ta fers [-[-[ «_ 

Open Loop DC Voltage Gain R_ = 1002, Vout = +2.5V 50 
A 


Full 45 


(NOTE 11) 
TEST 
LEVEL 


PARAMETER 


Input Noise Voltage 


+Input Noise Current 


-Input Noise Current 


TRANSFER CHARACTERISTICS 


Transimpedence 


OUTPUT CHARACTERISTICS 


25 
Full 
Full / 
Full 
Full 


42.5 +3.0 
+2.5 +3.0 
+16.6 +20.0 


+40 +60 


Output Voltage Swing Ry = 150 


Output Current Rp = 1502 
Output Current, Short Circuit Vin = +2.5V, Vout = OV 


Output Current, Disabled (Note 5) DISABLE = OV, 
VouT = #2.5V, Vin = OV 


Note 12 
Note 13 
Note 14 


> 


o 
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> 


sit ei 3i13 


ae) 
on 
n 


Output Disable Time 


Output Enable Time 40 
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— 
on 


ie) 
Oo 


Output Capacitance Disabled 
POWER SUPPLY CHARACTERISTICS 


TO 


—s 


ie) 
or 


tS 
10 
7.5 


< 


Supply Voltage Range 
Full 
Full 
Full 


Quiescent Supply Current TS 
DISABLE = 0V 


DISABLE = OV 


Supply Current, Disabled 


0 A 


3 


>| > 
sls] 2/99 
>i > 
=o 
Tw ITU 


> 


Disable Pin Input Current 
Full 
Full 


Minimum Pin 8 Current to Disable 350 


Ne) 
> 


Maximum Pin 8 Current to Enable Note 7 


AC CHARACTERISTICS (Ay = +1) 


Note 8 
Note 9 
Note 10 


Slew Rate 
Full Power Bandwidth 


275 350 


f 
ae 
= 
” 


ine) 
Nh 
ae) 
co 


—~i 


MHz 


ine) 
Oo 


NM] Ph 
aT;Tou 


Rise Time 
Note 10 
Note 10 


Fall Time 25 
25 


25 


=) 
n 


= 
Bea : 


Propagation Delay 


-3dB Bandwidth 
Settling Time to 1% 


Vout = 100mV 
2V Output Step 
Settling Time to 0.25% 2V Output Step 
AC CHARACTERISTICS (Ay = +2, Re = 681Q) 


Slew Rate Note 8 
Full Power Bandwidth Note 9 
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(NOTE 11) 
TEST 


TEMP. 
PARAMETER TEST CONDITIONS LEVEL real ad ae | wwe, UNITS 


a 

Cn 

Propegstendoay ideo ——SSSC~dCS Pm] Pe | 
25 12 % 


Overshoot 


-3dB Bandwidth 
Settling Time to 1% 
Settling Time to 0.25% 


VouT = 100mV 


nN 
on 
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2V Output Step 
2V Output Step 
5MHz 

20MHz 

AC CHARACTERISTICS (Ay = +10, Re = 383Q) 
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2V Output Step 
2V Output Step 


Nh 
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fe2) 
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NO 
uo 
NSN 
on 


Settling Time to 0.1% 

VIDEO CHARACTERISTICS 
Differential Gain (Note 15) 
Differential Phase (Note 15) 
NOTES: 


5. Vom = #2.5V. At -40°C Product is tested at Voy = +2.25V because short test duration does not allow self heating. 


6. Ry = 1002, Vix = 2.5V. This is the minimum current which must be pulled out of the Disable pin in order to disable the output. The output 
is considered disabled when -10mV < VoytT < +10MV. 


7. Vin = OV. This is the maximum current that can be pulled out of the Disable pin with the HA5024 remaining enabled. The HA5024 is 
considered disabled when the supply current has decreased by at least 0.5mA. 


8. Vout switches from -2V to +2V, or from +2V to -2V. Specification is from the 25% to 75% points. 


25 


R, = 1502 
R, = 1502 


Ps 


a 
o 
[o) 
i=) 
id) 


ine) 
oO 


Degrees 


ae CR = re VpEAK = 2V 
10. Ry = 1002, Voyt = 1V. Measured from 10% to 90% points for rise/fall times; from 50% points of input and output for propagation delay. 
11. A. Production Tested; B. Typical or Guaranteed Limit based on characterization; C. Design Typical for information only. 
12. Vin = +2V, DISABLE = +5V to OV. Measured from the 50% point of DISABLE to Voyt = OV. 
13. Vin = +2V, DISABLE = OV to +5V. Measured from the 50% point of DISABLE to Voyt = 2V. 
14. Vin = OV, Force Voyt from OV to +2.5V, ta = te = 50ns, DISABLE = OV. 
15. Measured with a VM700A video tester using an NTC-7 composite VITS. 


16. Vout = +2.5V. At -40°C Product is tested at Voyt = +2.25V because short test duration does not allow self heating. 
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Test Circuits and Waveforms 
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FIGURE 1. TEST CIRCUIT FOR TRANSIMPEDANCE MEASUREMENTS 


g DUT 
™_ Vout 


Ri 
100Q 


= Rr, 1kQ 


FIGURE 2. SMALL SIGNAL PULSE RESPONSE CIRCUIT 
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Vertical Scale: Vij, = 100mV/Div., Voyt = 100mV/Div. 
Horizontal Scale: 20ns/Div. 


FIGURE 4. SMALL SIGNAL RESPONSE 
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VIN Vout 


FIGURE 3. LARGE SIGNAL PULSE RESPONSE CIRCUIT 
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Vertical Scale: Vij = 1V/Div., Vout = 1V/Div. 
Horizontal Scale: 50ns/Div. 


FIGURE 5. LARGE SIGNAL RESPONSE 
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Schematic (One Amplifier of Four) 
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Application Information 
Optimum Feedback Resistor 


The plots of inverting and non-inverting frequency response, 
see Figure 11 and Figure 12 in the Typical Performance 
Curves section, illustrate the performance of the HA5024 in 
various closed loop gain configurations. Although the band- 
width dependency on closed loop gain isn’t as severe as that 
of a voltage feedback amplifier, there can be an appreciable 
decrease in bandwidth at higher gains. This decrease may 
be minimized by taking advantage of the current feedback 
amplifiers unique relationship between bandwidth and Re 
All current feedback amplifiers require a feedback resistor, 
even for unity gain applications, and Re, in conjunction with 
the internal compensation capacitor, sets the dominant pole 
of the frequency response. Thus, the amplifiers bandwidth is 
inversely proportional to Re. The HA5024 design is opti- 
mized for a 1000Q Rr at a gain of +1. Decreasing Rr ina 
unity gain application decreases stability, resulting in exces- 
sive peaking and overshoot. At higher gains the amplifier is 
more stable, so Re can be decreased in a trade-off of stabil- 
ity for bandwidth. 


The table below lists recommended Re¢ values for various 
gains, and the expected bandwidth. 


GAIN BANDWIDTH 
— Re (2) (MHz) 


PC Board Layout 


The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 
use of low inductance components such as chip resistors 
and chip capacitors is strongly recommended. If leaded 
components are used the leads must be kept short espe- 
cially for the power supply decoupling components and 
those components connected to the inverting input. 


Attention must be given to decoupling the power supplies. A 
large value (10uF) tantalum or electrolytic capacitor in paral- 
lel with a small value (0.1u.F) chip capacitor works well in 
most cases. 


A ground plane is strongly recommended to control noise. 
Care must also be taken to minimize the capacitance to 
ground seen by the amplifiers inverting input (-IN). The 
larger this capacitance, the worse the gain peaking, resulting 
in pulse overshoot and _ possible instability. It is 
recommended that the ground plane be removed under 
traces connected to -IN, and that connections to -IN be kept 
as short as possible to minimize the capacitance from this 
node to ground. 


Driving Capacitive Loads 


Capacitive loads will degrade the amplifiers phase margin 
resulting in frequency response peaking and possible oscil- 
lations. In most cases the oscillation can be avoided by plac- 
ing an isolation resistor (R) in series with the output as 
shown in Figure 6. 


VIN Vout 


FIGURE 6. PLACEMENT OF THE OUTPUT ISOLATION 
RESISTOR, R 


The selection criteria for the isolation resister is highly 
dependent on the load, but 27Q has been determined to be 
a good starting value. 


Power Dissipation Considerations 


Due to the high supply current inherent in quad amplifiers, 
care must be taken to insure that the maximum junction tem- 
perature (Ty see Absolute Maximum Ratings) is not 
exceeded. Figure 7 shows the maximum ambient temperature 
versus supply voltage for the available package styles (Plastic 
DIP, SOIC). At +5Vpc¢ quiescent operation both package 
styles may be operated over the full industrial range of -40°C 
to 85°C. It is recommended that thermal calculations, which 
take into account output power, be performed by the designer. 


MAX. AMBIENT TEMPERATURE 


i 


SUPPLY VOLTAGE -— 


FIGURE 7. MAXIMUM OPERATING AMBIENT TEMPERATURE 
vs SUPPLY VOLTAGE 


Enable/Disable Function 


When enabled the amplifier functions as a normal current 
feedback amplifier with all of the data in the electrical specifi- 
cations table being valid and applicable. When disabled the 
amplifier output assumes a true high impedance state and 
the supply current is reduced significantly. 
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The circuit shown in Figure 8 is a simplified schematic of the 
enable/disable function. The large value resistors in series with 
the DISABLE pin makes it appear as a current source to the 
driver. When the driver pulls this pin low current flows out of the 
pin and into the driver. This current, which may be as large as 
350A when external circuit and process variables are at their 
extremes, is required to insure that point “A” achieves the 
proper potential to disable the output.The driver must have the 
compliance and capability of sinking all of this current. 


When Vcc is +5V the DISABLE pin may be driven with a 
dedicated TTL gate. The maximum low level output voltage 
of the TTL gate, 0.4V, has enough compliance to insure that 
the amplifier will always be disabled even though Dj will not 
turn on, and the TTL gate will sink enough current to keep 
point “A” at its proper voltage. When Vcc is greater than +5V 
the DISABLE pin should be driven with an open collector 
device that has a breakdown rating greater than Vcc. 


Referring to Figure 8, it can be seen that Rg will act as a pull-up 
resistor to +Vcc if the DISABLE pin is left open. In those cases 
where the enable/disable function is not required on all circuits 
some circuits can be permanently enabled by letting the DIS- 
ABLE pin float. If a driver is used to set the enable/disable level, 
be sure that the driver does not sink more than 20U.A when the 
DISABLE pin is at a high level. TTL gates, especially CMOS 
versions, do not violate this criteria so it is permissible to control 
the enable/disable function with TTL. 

+Vcc 


( 
Ww 
ENABLE/DISABLE INPUT a 5 
FIGURE 8. SIMPLIFIED SCHEMATIC OF ENABLE/DISABLE 
FUNCTION 


Typical Applications 


Four Channel Video Multiplexer 


Referring to the amplifier U;,a in Figure 9, Rj terminates the 
cable in its characteristic impedance of 75Q, and Rg back 
terminates the cable in its characteristic impedance. The 
amplifier is set up in a gain configuration of +2 to yield an 
overall network gain of +1 when driving a double terminated 
cable. The value of R3 can be changed if a different network 
gain is desired. Rs holds the disable pin at ground thus 
inhibiting the amplifier until the switch, Sz, is thrown to posi- 
tion 1. At position 1 the switch pulls the disable pin up to the 
plus supply rail thereby enabling the amplifier. Since all of 
the actual signal switching takes place within the amplifier, 
its differential gain and phase parameters, which are 0.03% 
and 0.03 degrees respectively, determine the circuit’s perfor- 
mance. The other three circuits, U;p through U1p, operate in 
a similar manner. 


When the plus supply rail is 5V the disable pin can be driven by 
a dedicated TTL gate as discussed earlier. If a multiplexer IC or 


its equivalent is used to select channels its logic must be break 
before make. When these conditions are satisfied the 
HA5024 IP is often used as a remote video multiplexer, and the 
multiplexer may be extended by adding more amplifier ICs. 


Low Impedance Multiplexer 


Two common problems surface when you try to multiplex 
multiple high speed signals into a low impedance source 
such as an A/D converter. The first problem is the low source 
impedance which tends to make amplifiers oscillate and 
causes gain errors. The second problem is the multiplexer 
which supplies no gain, introduces all kinds of distortion and 
limits the frequency response. Using op amps which have an 
enable/disable function, such as the HA5024, eliminates the 
multiplexer problems because the external mux chip is not 
needed, and the HA5024 can drive low impedance (large 
Capacitance) loads if a series isolation resistor is used. 


VIDEO Ry 


> 75 


VIDEO OUTPUT 
TO 752 LOAD 


R 
R Bh 2000 
= 681 
= h1 Ro4 
= Rg 100 
SR i975 ' +5V 
9 oe = S 
04 
= g ALL 
R7 5000 il 
= Re 681 
681 _L 
= Vv 7 
VIDEO R 
INPUT 130° - 
#3 © 75 1 
Ri4 vicMN | 
75 ‘ 
R 15 
Ri3 ae 2000 
681 
mi 4 5V a 
VIDEO Rixg 
INPUT 18 75 
#4 20 


NOTES: 

17. Uy is HA5024 IP. 

18. All resistors in Q. 

19. S, is break before make. 
20. Use ground plane. 


FIGURE 9. FOUR CHANNEL VIDEO MULTIPLEXER 
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Referring to Figure 10, both inputs are terminated in their 
characteristic impedance; 75Q is typical for video applica- 
tions. Since the drivers usually are terminated in their charac- 
teristic impedance the input gain is 0.5, thus the amplifiers, Us, 
are configured in a gain of +2 to set the circuit gain equal to 
one. Resistors Ro and R3 determine the amplifier gain, and if a 
different gain is desired Ra should be changed according to the 
equation G = (1 + Ra/Ro). Rg sets the frequency response of 
the amplifier so you should refer to the manufacturers data 
sheet before changing its value. Rs, C; and D; are an asym- 
metrical charge/discharge time circuit which configures U; asa 
break before make switch to prevent both amplifiers from being 
active simultaneously. If this design is extended to more chan- 


INPUT B ¢ 
INPUT A ¢ 
CHANNEL 
SWITCH © 
INHIBIT aD: 
Re 
100K 


nels the drive logic must be designed to be break before 
make. Ry, is enclosed in the feedback loop of the amplifier so 
that the large open loop amplifier gain of Us will present the 
load with a small closed loop output impedance while keep- 
ing the amplifier stable for all values of load capacitance. 


The circuit shown in Figure 10 was tested for the full range of 
capacitor values with no oscillations being observed; thus, 
problem one has been solved.The frequency and gain char- 
acteristics of the circuit are now those of the amplifier indepen- 
dent of any multiplexing action; thus, problem two has been 
solved. The multiplexer transition time is approximately 15us 
with the component values shown. 


9 OUTPUT 


Cis 
4 
[we 1. Up: HA5022/24. 
1N4148 2. U4: CD4011. 


FIGURE 9. LOW IMPEDANCE MULTIPLEXER 


Typical Performance Curves  Vsuppuy = +5V, Ay = +1, Re = 1kQ, Ry = 4009, Ta = 25°C, 
Unless Otherwise Specified 


VouT = 0.2Vp_p 
CL = 10pF 


NORMALIZED GAIN (dB) 


100 


200 
awe (MHz) 


FIGURE 9. NON-INVERTING FREQUENCY RESPONSE 


Vout = 0.2Vp_p 
C, = 10pF 


NORMALIZED GAIN (dB) 


ERY (MHz) 
FIGURE 10. INVERTING FREQUENCY RESPONSE 
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Typical Performance Curves  Vsyppiy =+5V, Ay = +1, Rr = 1k, Ri, = 4002, Ta = 25°C, 
Unless Otherwise Specified (Continued) 
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Typical Performance Curves  Vsyppiy =+5V, Ay = +1, Rr = 1kQ, Ry = 4009, Ta = 25°C, 
Unless Otherwise Specified (Continued) 
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SUPPLY VOLTAGE (+V) SUPPLY VOLTAGE (+V) 
FIGURE 17. DIFFERENTIAL GAIN vs SUPPLY VOLTAGE FIGURE 18. DIFFERENTIAL PHASE vs SUPPLY VOLTAGE | 
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FIGURE 21. PROPAGATION DELAY vs TEMPERATURE FIGURE 22. PROPAGATION DELAY vs SUPPLY VOLTAGE 
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Typical Performance Curves  Vsupp.y =+5V, Ay = +1, Rr = 1kQ, Ry = 400, Ta = 25°C, 
Unless Otherwise Specified (Continued) 
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FIGURE 23. SLEW RATE vs TEMPERATURE FIGURE 24. NON-INVERTING GAIN FLATNESS vs FREQUENCY 
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Typical Performance Curves  Vsypp.y = +5V, Ay = +1, Rr = 1kQ, RL = 4009, Ta = 25°C, 
Unless Otherwise Specified (Continued) 
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Typical Performance Curves  \Vsuppiy = +5V, Ay = +1. Re = 1kQ, Ry = 4002. Ta = 25°C, 
Unless Otherwise Specified (Continued) 
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Typical Performance Curves  Vsyppiy = +5V. Ay = +1, Re = 1kQ, Ry, = 4009, Ta = 25°C, 
Unless Otherwise Specified (Continued) 
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Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
2680um x 2600um x 483um Type: Nitride 
Thickness: 4kA +0.4kA 
METALLIZATION: 
Type: Metal 1: AlCu (1%) TERESA AE SAME 
Thickness: Metal 1: 8kA +0.4kA 248 
Type: Metal 2: AlCu (1% PROCESS: 


Thickness: Metal 2: 16kA +0.8kA 
High Frequency Bipolar Dielectric Isolation 


SUBSTRATE POTENTIAL (Powered Up): 
\- 


Metallization Mask Layout 
HA5024 
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Quad, 125MHz Video 


aD 


November 1996 Current Feedback Amplifier 
Features Description 
e Wide Unity Gain Bandwidth ............... 125MHz To put art in a text area: insert an anchored frame from the 
© BIOW BMG ciiidsccsavscenciavesiaaenanss 475V/us np Viwes |S 8 MAGE anewnos! High Sew ree usd 


amplifier optimized for video applications and gains between 
e Input Offset Voltage... ........ cece e nen enes 800uV 1 and 10. It is a current feedback amplifier and thus yields 
less bandwidth degradation at high closed loop gains than 


e Differential Gain................00 ce eee 0.03% voltage feedback amplifiers. 


* Differential Phase................+.. 0.03 Degrees = The Jow differential gain and phase, 0.1dB gain flatness, and 
¢ Supply Current (per Amplifier).............. 7.5mA __ ability to drive two back terminated 75Q cables, make this 


amplifier ideal for demanding video applications. 
© ESD Protection. .........ccccccccsescecces 4000V . 
The current feedback design allows the user to take 


Guaranteed Specifications at +5V Supplies advantage of the amplifiers bandwidth dependency on the 
feedback resistor. 


i ail The performance of the HA5025 is very similar to the popu- 
e Video Gain Block lar Harris HA-5020. 
¢ Video Distribution Amplifier/RGB Amplifier Ordering Information 


e Flash A/D Driver 


TEMP. 
PART NUMBER | RANGE (°C) 
HA5025IP -40to85 |14Ld PDIP E143 
HAS0251B -40to85 |14Ld SOIC M14.15 


HA5025EVAL High Speed Op Amp DIP Evaluation Board 


Current to Voltage Converter 


Medical Imaging 


Radar and Imaging Systems 


e Video Switching and Routing 


Pinout 
HA5025 
(PDIP, SOIC) 
TOP VIEW 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3 591 3 


Copyright © Harris Corporation 1996 


HA5025 


Absolute Maximum Ratings 


Thermal Information 


Voltage Between V+ and V- Terminals................004. 36V Thermal Resistance (Typical, Note 2) 8a (°C/W) 

DG Input Voltage (NOt Se. esaseiecseene see car anaes +VSUPPLY PDIP Package .........00. cece eee eee eee 100 

Differential Input Voltage. ......... 0... eee eee 10V SOIC Package........ ccc cece eee eee eevee 120 

Output Current (Note 4) ................ Short Circuit Protected = Maximum Junction Temperature (Note 1).............--. 175°C 

ESD Rating (Note 3) Maximum Junction Temperature (Plastic Package, Note 1) .... 150°C 
Human Body Model (Per MIL-STD-883 Method 3015.7) .. 2000V Maximum Storage Temperature Range ......... -65°C to 150°C 

Maximum Lead Temperature (Soldering 10s)............ 300°C 

Operating Conditions (SOIC - Lead Tips Only) 

Temperature Range ..............00 ce ee ee eee -40°C to 85°C 

Supply Voltage Range (Typical) .................+4.5V to +15V 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Maximum power dissipation, including output load, must be designed to maintain junction temperature below 175°C for die, and below 
150°C for plastic packages. See Application Information section for safe operating area information. 


2. Oya is Measured with the component mounted on an evaluation PC board in free air. 
3. The non-inverting input of unused amplifiers must be connected to GND. 


4. Output is protected for short circuits to ground. Brief short circuits to ground will not degrade reliability, however, continuous (100% duty 
cycle) output current should not exceed 15mA for maximum reliability. 


Electrical Specifications Vsyppyy = +5V, Rm = 1kQ, Ay = +1, Ry = 400Q, C, < 10pF, 
Unless Otherwise Specified 


(NOTE 9) 
TEST 


PARAMETER TEST CONDITIONS 


INPUT CHARACTERISTICS 


input Ofset Volage (Vio) CA Te ][-pels |] w_ 
Afro tf -[s | w_ 


ee ae, 
Vio Common Mode Rejection Ratio 
Vio Power Supply Rejection Ratio +3.5V < Vs < +6.5V 


Input Common Mode Range 


Non-Inverting Input (+IN) Current - 
+IN Common Mode Rejection 


(+IBCMR = FR) 


+IN Power Supply Rejection +3.5V < Vs s +6.5V 


Inverting Input (-IN) Current 


Delta - IN BIAS Current Between Channels a 


ol 
Ww 


55 
+25 


_ 
oO 


-IN Common Mode Rejection Note 5 
-IN Power Supply Rejection +3.5V <Vs < +6.5V 


Input Noise Voltage f=1 
+Input Noise Current f = 1kHz 
-Input Noise Current f= 1kHz 


on 


ye] 
oO = w ol : 
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Electrical Specifications Vsyppyy = +5V, Re = 1kQ, Ay = +1, Ry = 4009, C, < 10pF, 


Unless Otherwise Specified (Continued) 
TEMP. 
(°G) TYP UNITS 
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OUTPUT CHARACTERISTICS 
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POWER SUPPLY CHARACTERISTICS 
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Electrical Specifications Vsyppyy = +5V, Rp = 1kQ, Ay = +1, Ry = 400Q, C, < 10pF, 
Unless Otherwise Specified (Continued) 


TEMP. 
PARAMETER TEST CONDITIONS rexel | oe | wee UNITS 


Setingtimetoo1% _————~SC~C~C~id pnp SCs PC] CTs 
[VIDEOCHARACTERISTIGS——SSCSCSC~—“S*~*S*SCSCSC“SSC“‘“RNCC*#” 


VIDEO CHARACTERISTICS 


DDiterentalGain(Note 10) ———S~C~idTwOS~SC~“‘“*rSCOC*:SCdSCS SY sd] | 
[Biferental Phase (Note 10)———~id= tsa ——S—S—~sSCi TY (df os | | Degrees | 


NOTES: 
5. Vom = t2.5V. At -40°C Product is tested at Voy = +2.25V because Short Test Duration does not allow self heating. 
6. Vout switches from -2V to +2V, or from +2V to -2V. Specification is from the 25% to 75% points. 


Slew Rate | 

eTV DEAK 
8. Ry = 1002, Voyt = 1V. Measured from 10% to 90% points for rise/fall times; from 50% points of input and output for propagation delay. 
9. A. Production Tested; B. Typical or Guaranteed Limit based on characterization; C. Design Typical for information only. 

10. Measured with a VM700A video tester using an NTC-7 composite VITS. 

11. Voyrt = +2.5V. At -40°C Product is tested at Voyt = +2.25V because Short Test Duration does not allow self heating. 


V = ZY. 


te FPBW = ’ PEAK = 


Test Circuits and Waveforms 
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HP4195 ‘ 
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ANALYZER | 
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OPERATIONAL 
AMPLIFIERS 


y DUT VIN 
™ Vout 
500 Ri 
1002 
= Rp, 1kQ 
FIGURE 2. SMALL SIGNAL PULSE RESPONSE CIRCUIT FIGURE 3. LARGE SIGNAL PULSE RESPONSE CIRCUIT 
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oo eae ea gees: S608 
Vertical Scale: Vixy = 100mV/Div., Voyt = 100mV/Div. Vertical Scale: Vij = 1V/Div., Voyt = 1V/Div. 
Horizontal Scale: 20ns/Div. Horizontal Scale: 50ns/Div. 
FIGURE 4. SMALL SIGNAL RESPONSE FIGURE 5. LARGE SIGNAL RESPONSE 
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Schematic Diagram (One Amplifier of Four) 
V+¢ 


V- © 


Application Information 
Optimum Feedback Resistor 


The plots of inverting and non-inverting frequency response, 
see Figure 8 and Figure 9 in the typical performance section, 
illustrate the performance of the HA5025 in various closed 
loop gain configurations. Although the bandwidth dependency 
on closed loop gain isn’t as severe as that of a voltage feed- 
back amplifier, there can be an appreciable decrease in band- 
width at higher gains. This decrease may be minimized by 
taking advantage of the current feedback amplifiers unique 
relationship between bandwidth and Rr. All current feedback 
amplifiers require a feedback resistor, even for unity gain 
applications, and Rr, in conjunction with the internal compen- 
sation capacitor, sets the dominant pole of the frequency 
response. Thus, the amplifiers bandwidth is inversely propor- 
tional to Re. The HA5025 design is optimized for a 1000Q Re 
at a gain of +1. Decreasing Re in a unity gain application 
decreases stability, resulting in excessive peaking and over- 
shoot. At higher gains the amplifier is more stable, so Re can 
be decreased in a trade-off of stability for bandwidth. 


The following table lists recommended Re values for various 
gains, and the expected bandwidth. 


9 OUT 


3 
0 


a 


PC Board Layout 


The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 
use of low inductance components such as chip resistors 
and chip capacitors is strongly recommended. If leaded 
components are used the leads must be kept short espe- 
cially for the power supply decoupling components and 
those components connected to the inverting input. 


Attention must be given to decoupling the power supplies. A 
large value (10uF) tantalum or electrolytic capacitor in 
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parallel with a small value (0.1u.F) chip capacitor works well 
in most cases. 


A ground plane is strongly recommended to control noise. 
Care must also be taken to minimize the capacitance to 
ground seen by the amplifier's inverting input (-IN). The larger 
this capacitance, the worse the gain peaking, resulting in 
pulse overshoot and possible instability. It is recommended 
that the ground plane be removed under traces connected to 
-IN, and that connections to -IN be kept as short as possible to 
minimize the capacitance from this node to ground. 


Driving Capacitive Loads 


Capacitive loads will degrade the amplifiers phase margin 
resulting in frequency response peaking and possible oscil- 
lations. In most cases the oscillation can be avoided by plac- 
ing an isolation resistor (R) in series with the output as 
shown in Figure 6. 


VIN VouT 


FIGURE 6. PLACEMENT OF THE OUTPUT ISOLATION 
RESISTOR, R 


The selection criteria for the isolation resistor is highly 
dependent on the load, but 27Q has been determined to be 
a good starting value. 


Power Dissipation Considerations 


Due to the high supply current inherent in quad amplifiers, 
care must be taken to insure that the maximum junction tem- 
perature (Ty, see Absolute Maximum Ratings) is not 
exceeded. Figure 7 shows the maximum ambient temperature 
versus supply voltage for the available package styles (PDIP, 
SOIC). At Vs = +5V quiescent operation both package styles 
may be operated over the full industrial range of -40°C to 
85°C. It is recommended that thermal calculations, which take 
into account output power, be performed by the designer. 


MAX AMBIENT TEMPERATURE (°C) 


eer VOLTAGE i 


FIGURE 7. MAXIMUM OPERATING AMBIENT TEMPERATURE 
vs SUPPLY VOLTAGE 


Typical Performance Curves Vsuppty = +5\V, Ay = +1, Rr = 1kQ, R= 400Q, Ta = 25°C, Unless Otherwise Specified 
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Typical Performance Curves Vsyppy = +5V, Ay = +1, Rr = 1kQ, Ry = 4009, Ta = 


ee... — 


NONINVERTING PHASE (DEGREES) 
INVERTING PHASE (DEGREES) 


100 200 
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FIGURE 10. PHASE RESPONSE AS A FUNCTION OF 
FREQUENCY 
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FIGURE 12. BANDWIDTH AND GAIN PEAKING vs FEEDBACK 
RESISTANCE 
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FIGURE 14. BANDWIDTH vs FEEDBACK RESISTANCE 
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FIGURE 11. BANDWIDTH AND GAIN PEAKING vs FEEDBACK 
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HA5025 
Typical Performance Curves Vsuppty = +5V, Ay = +1, Rp = 1kQ, Ry = 400Q, Ta = 25°C, Unless Otherwise Specified (Continued) 
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Typical Performance Curves VsuppLy = +5V, Ay = +1, Re = 1kQ, Ry = 400Q, Ta = 25°C, Unless Otherwise Specified (Continued) 
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Typical Performance Curves Vsypp.y =+5\V, Ay = +1, Rr = 1kQ, Ry = 4002, Ta = 25°C, Unless Otherwise Specified (Continued) 
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Typical Performance Curves \Vsyppiy = +5V, Ay = +1, Re = 1kQ, Ry, = 400, Ta = 25°C, Unless Otherwise Specified (Continued) 
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FIGURE 34. OUTPUT SWING vs LOAD RESISTANCE 
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FIGURE 36. INPUT BIAS CURRENT CHANGE BETWEEN 
CHANNELS vs TEMPERATURE 
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FIGURE 38. DISABLE FEEDTHROUGH vs FREQUENCY 
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Typical Performance Curves Vsuppiy = +5\, Ay = +1, Rr = 1kQ, R, = 4009, Ta = 25°C, Unless Otherwise Specified (Continued) 
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Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
2010um x 3130um x 483um Type: Nitride 
Thickness: 4kA +0.4kA 
METALLIZATION: 
Type: Metal 1: AlCu (1%) TASS COUN 
Thickness: Metal 1: 8kA +0.4kA 248 
Metal 2: AlCu (1%) PROCESS: 


Metal 2: 16kA +0.8kA | | a | 
High Frequency Bipolar Dielectric Isolation 


SUBSTRATE POTENTIAL (Powered Up): 
\- 
Metallization Mask Layout 


HA5025 
= = 
> t 
T 5 5 < 


+IN1 +IN4 


+IN2 +IN3 


N 
< 


OUT2 
OUT3 


3-398 


SEMICONDUCTOR 


Gg FARRIS 


HA-5033 


November 1996 250MHz Video Buffer 


Features Description 


e Differential Phase Error The HA-5033 is a unity gain monolithic IC designed for any 
application requiring a fast, wideband buffer. Featuring a 
bandwidth of 250MHz and outstanding differential phase/ 
High Slew Rate 1100V/us gain characteristics, this high performance voltage follower is 

; ; . an excellent choice for video circuit design. Other features, 
Wide Bandwidth (Small Signal) 250MHZ which include a minimum slew rate of 1000V/us and high 


Wide Power Bandwidth DC to 17.5MHz output drive capability, make the HA-5033 applicable for line 
driver and high speed data conversion circuits. 


Differential Gain Error 


Fast Rise Time 
The high performance of this product is a result of the Harris 


High Output Drive ........... +10V With 1002 Load Dielectric Isolation process. A major feature of this process 

Wide Power Supply Range ............ +5V to+16v_ |S that it produces both PNP and NPN high frequency 

transistors which makes wide bandwidth designs, such as 

Replace Costly Hybrids the HA-5033, practical. Alternative process methods 
typically produce a lower AC performance. 


Applications 
e Video Buffer 


Ordering Information 


PART NUMBER TEMP. 
¢ High Frequency Buffer (BRAND) RANGE (°C)| PACKAGE 
Isolation Buffer HA2-5033-2 -55to 125 |12 Pin Metal Can |112.C 


High Speed Line Driver HA2-5033-5 0 to 75 12 Pin Metal Can |712.C 
HA3-5033-5 0to75 |8LdPDIP 
Impedance Matching 


HA9P5033-5 0 to 60 8 Ld PSOP M8.15A 
Current Boosters (H50335) (Note 3) 
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High Speed A/D Input Buffers 


Related Literature 
- AN548, Designer’s Guide for HA-5033 


Pinouts 


HA-5033 HA-5033 
(PDIP, PSOP) (METAL CAN) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2924.2 
Copyright © Harris Corporation 1996 3-399 
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Absolute Maximum Ratings 


Voltage Between V+ and V- Pins ........... 0.0.2.0 c eee 40V 
Oe WT A iv.c dd de kwe ksi eteeee bates nenedaee V+ to V- 
Output Current (Peak) (50ms On/1 Second Off) ........ +200MA 
ESD Rating 


Human Body Model (Per MIL-STD-883 Method 3015.7) .. 2000V 


Operating Conditions 


Temperature Ranges 
HA-5033-2.... 00... cee eee eee eee -55°C to 125°C 
HA-5033-5 (Note 3)....... 2.0.00 c eee eee eee ee 0°C to 75°C 
HA9P5033-5 (Notes 1,3)...............2.0. 


Thermal Information 


Thermal Resistance (Typical, Note 2) Bya (PCCW) 8yc (°C/W) 


Metal Can Package............... 65 34 
PDIP PaCkage. «a iisccsed avencces 96 N/A 
PSOP Package (Note 4)........... 129 N/A 
Maximum Internal Power Dissipation (Note 1) 
Maximum Junction Temperature (Note 1)................. 175°C 
Maximum Junction Temperature (Plastic Packages) ....... 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(PSOP - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Maximum power dissipation, including load conditions, must be designed to maintain the maximum junction temperature below 175°C for the 
metal can package, and below 150°C for the plastic packages. (See Figure 5.) 

2. 8ja is Measured with the component mounted on an evaluation PC board in free air. 

3. Maximum operating temperature in the PSOP package is limited to 60°C, for Vsyppyy = +12V to prevent the junction temperature from 
exceeding 150°C. The maximum operating temperature may have to be derated further, depending on the output load condition. The 
operating temperature may be increased if the HA9P5033 is operated at lower Vsypp_y. For example, the quiescent operating temper- 
ature may be increased to 75°C by operating at Vsyppty < +9.7V. See Figure 5 for more information. 

4. Direct attach of the PSOP copper slug to copper area on the PCB can reduce the 0 value to <100°C/W. Consult the Harris Application 


Group for more information. 


Electrical Specifications Vsyppyy = +12V, Rs = 50, Ry, = 100Q, C, = 10pF, Unless Otherwise Specified 


TEST 
PARAMETER CONDITIONS 


INPUT CHARACTERISTICS 
Offset Voltage 


Average Offset Voltage Drift 
Bias Current 


Input Resistance 

Input Capacitance 

Input Noise Voltage 10Hz to 100MHz 
TRANSFER CHARACTERISTICS 

Ry = 100Q 

Ry = 1kQ 

Ry = 100Q 


Voltage Gain 


-3dB Bandwidth 
OUTPUT CHARACTERISTICS 
Output Voltage Swing Ry = 1002 


Ri. = 1kQ, Vg = +15V 


Output Current 

Output Resistance 

Full Power Bandwidth 

Full Power Bandwidth (Note 5) 
TRANSIENT RESPONSE 
Rise Time 
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Propagation Delay 
Overshoot 

Slew Rate (Note 5) 
Settling Time to 0.1% 
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Electrical Specifications Vsyppyy = +12V, Rg = 502, Ry = 1002, C, = 10pF, Unless Otherwise Specified (Continued) 


TEST Temp.|___—HA-5033-2 | HAS033-5 
PARAMETER CONDITIONS 


eo) [win-[ typ | wax | Min TvP | MAX | UNITS 
[Bierenta Phase EvorinowO] _———S~sdC CT «dC | «dt id(e |g 
Diterental Gain Evorwwowe [+t {| —|om]{ | [oo] | ~_ 
wen seLYGumcrERTER 


POWER SUPPLY CHARACTERISTICS 
Supply Current 


Harmonic Distortion Vin = 1Vpms at 100kHz oe ae 


NOTES: 

5. Vsuppiy = £15V, Vout = +10V, Ry = 1kQ. 

6. Differential gain and phase error are nonlinear signal distortions found in video systems and are defined as follows: Differential gain error 
is defined as the change in amplitude at the color subcarrier frequency as the picture signal is varied from blanking to white level. 
Differential phase error is defined as the change in the phase of the color subcarrier as the picture signal is varied from blanking to white 
level. Ry = 300Q. 


Test Circuits and Waveforms 
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Test Circuits and Waveforms (continued) 
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Schematic Diagram 


Application Information 
Layout Considerations 


The wide bandwidth of the HA-5033 necessitates that high 
frequency circuit layout procedures be followed. Failure to 
follow these guidelines can result in marginal performance. 


Probably the most crucial of the RF/video layout rules is the 
use of a ground plane. A ground plane provides isolation and 
minimizes distributed circuit Capacitance and inductance 
which will degrade high frequency performance. This ground 
plane shielding can also incorporate the metal case of the 
HA-5033 since pin #2 is internally tied to the package. This 
feature allows the user to make metal to metal contact 
between the ground plane and the package, which extends 
shielding, provides additional heat sinking and eliminates the 
use of a socket, IC sockets contribute inter-lead capacitance 
which limits device bandwidth and should be avoided. 


For the PDIP, pin 6 can be tied to either supply, grounded, or 
simply not used. But to optimize device performance and 
improve isolation, it is recommended that this pin be grounded. 


Other considerations are proper power supply bypassing 
and keeping the input and output connections as short as 
possible which minimizes distributed capacitance and 
reduces board space. 


Power Supply Decoupling 


For optimum device performance, it is recommended that 
the positive and negative power supplies be bypassed with 
capacitors to ground. Ceramic capacitors ranging in value 
from 0.01u:F to 0.1pF will minimize high frequency variations 
in supply voltage. Solid tantalum capacitors 1pF or larger will 
optimize low frequency performance. 


It is also recommended that the bypass capacitors be 
connected close to the HA-5033 (preferably directly to the 
Supply pins). 
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2.0 CAN 


PDIP 


0.4 QUIESCENT Pp = 0.72W 
AT Vs +12V, Icc = 30MA 


MAXIMUM TOTAL POWER DISSIPATION (W) 
S 


25 45 65 85 105 
TEMPERATURE (°C) 


FIGURE 5. FREE AIR POWER DISSIPATION 


HA-5033 


G 


raph is based on: 


Where: T ymax = Maximum Junction Temperature of the Device 


125 


Ta = Ambient Temperature 
8 ja = Junction to Ambient Thermal Resistance 


Typical Applications (Also see Application Note AN548) 
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Typical Performance Curves 
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Typical Performance Curves (continued) 
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Typical Performance Curves (Continued) 
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FIGURE 20. POWER SUPPLY REJECTION RATIO vs FREQUENCY ~==FIGURE 21. TOTAL HARMONIC DISTORTION vs FREQUENCY 
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FIGURE 22. TOTAL HARMONIC DISTORTION vs INPUT VOLTAGE FIGURE 23. OUTPUT VOLTAGE SWING vs LOAD RESISTANCE 
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FIGURE 24. OUTPUT SWING vs FREQUENCY (NOTE) FIGURE 25. OUTPUT SWING vs FREQUENCY (NOTE) 


NOTE: 

This curve was obtained by noting the output voltage necessary to produce an observable distortion for a given frequency. If higher distortion 
is acceptable, then a higher output voltage for a given frequency can be obtained. However, operating the HA-5033 with increased distortion 
(to the right of curve shown), will also be accompanied by an increase in supply current. The resulting increase in chip temperature must be 
considered and heat sinking will be necessary to prevent thermal runaway. This characteristic is the result of the output transistor operation. If 
the signal amplitude or signal frequency or both are increased beyond the curve shown, the NPN, PNP output transistors will approach a condition 
of being simultaneously on. Under this condition, thermal runaway can occur. 
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HA-5033 


Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered Up): 
51 mils x 67 mils x 19 mils Unbiased 


il ia TRANSISTOR COUNT: 
METALLIZATION: ” 


Type: Al, 1% Cu PROCESS: 
Thickness: 16kA +2kA 
Bipolar Dielectric Isolation 
PASSIVATION: 


Type: Nitride (SigN4) over Silox (SiO2, 5% Phos.) 
Silox Thickness: 12kA 2 
Nitride Thickness: 3.5kA +1 5kA 


Metallization Mask Layout 


HA-5033 


V+ 


0 SOISSARIA .. al 
TIA 914 
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Features 


3.0nV/VHz at 1kHz 


10MHz (Compensated) 
100MHz (Uncompensated) 


10V/us (Compensated) 
50V/us (Uncompensated) 


e Low Noise 
Bandwidth 


Slew Rate 


Low Offset Voltage Drift 
High Gain 

High CMRR/PSRR 

High Output Drive Capability 


Applications 

¢ High Quality Audio Preamplifiers 
High Q Active Filters 
Low Noise Function Generators 
Low Distortion Oscillators 
Low Noise Comparators 


For Further Design Ideas, See Application Note AN554, 
Harris AnswerFAX (407-724-7800) Document #9554 


Pinouts 


HA-5101, HA-5111 (PDIP, CERDIP, SOIC) 
TOP VIEW 


HA-5101 (CAN) 
TOP VIEW 


V- (CASE) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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HA-5101, HA-5117 


10MHz and 100MHz, Low Noise, 
Operational Amplifiers 


Description 


The HA-5101/5111 are dielectrically isolated operational 
amplifiers featuring low noise. Both amplifiers have an 
excellent noise voltage density of 3.0nV/VHz at 1kHz. The 
uncompensated HA-5111 is stable at a minimum gain of 10 
and has the same DC specifications as the unity gain stable 
HA-5101. The difference in compensation yields a 100MHz 
gain-bandwidth product and a 50V/us slew rate for the HA- 
5111 versus a 10MHz unity gain bandwidth and a 10V/us 
slew rate for the HA-5101. 


DC characteristics of the HA-5101/5111 assure accurate 
performance. The 0.5mV offset voltage is externally adjust- 
able and offset voltage drift is just 3n.V/°C. An offset current 
of only 30nA reduces ane current errors and an open loop 
voltage gain of 1 x 10®V/V increases loop gain for low distor- 
tion amplification. 


The HA-5101/5111 are ideal for audio applications, espe- 
cially low-level signal amplifiers such as microphone, tape 
head and phono cartridge preamplifiers. Additionally, it is 
well suited for low distortion oscillators, low noise function 
generators and high Q filters. 


Ordering Information 
PART NUMBER TEMP. 
(BRAND) RANGE (°C) 


HA3-5101-5 0to75 |8LdPDIP EBS 
HAT-5101-20 5101-2 -55to125 |8Ld CERDIP FBSA 3A 


“ete ll 5 0to75 |8LdSoic al 15 
(H51015) 

HA9P5101-9 -40to85 |8LdSOIC M8.15 
(H51019) 

HA3-5111-5 0to75 |8LdPDIP 
HA7-5111-2 -55to 125 |8LdCERDIP F8.3A 


HA9P5111-5 0to75 |8LdSOIC M8.15 
(H51115) 
-40to85 |8LdSOIC M8.15 


HA9P5111-9 
(H51119) 


2905.2 


File Number 


HA-5101, HA-5111 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals.................00. 40V 
Differential Input Voltage... ...... 0... 0... eee 7V 
PO WE aos 3 rss rs ee Bw) cg cake Roek ane Jeno eedaee +tVsSUPPLY 
OUIDUE CONG i062 ccc nce nonnaans Full Short Circuit Protection 


Operating Conditions 


Temperature Range 
AIDS TT 1-2 oi cecusosvebvceadsueeanan -55°C to 125°C 
HA-5101/5111-5 21. eee 0°C to 75°C 
HA-S101/5111-9 « a cvcvvciucussevngueaseas -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 2) Oya (CCIW) 8yc (CCW) 
165 


Can PACKEOG..:cccceusccnceanne 0s 80 
POIP PACKAOG ok ivcaviscxivwsenes 94 N/A 
CEROIP PACKAGG .cccsaescdwssnas 135 50 
SOIC Package.'....-.cacrcerseces 157 N/A 
Maximum Junction Temperature (Note 1) ................ 175°C 
Maximum Junction Temperature (Plastic Package) ....... 150°C 


Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............ 300°C 
(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Maximum power dissipation, including output load, must be designed to maintain the maximum junction temperature below 175°C for 


hermetic packages, and below 150°C for the plastic packages. 


2. 8ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +15V, Rs = 100Q, Ry, = 2kQ, C, = 50pF, Unless Otherwise Specified 


PARAMETER TEST CONDITIONS 


INPUT CHARACTERISTICS 


Offset Voltage 
Offset Voltage Drift 
Bias Current 5 


2 
2 
2 
2 
2 


Offset Current 


Input Resistance 


Common Mode Range 
TRANSFER CHARACTERISTICS 


5 
Vout =+10V 

5 

5 


Large Signal Voltage Gain 


Common Mode Rejection Ratio 


Small Signal Bandwidth 


jasiovaet | 
asian | a 
cs 


Gain Bandwidth Product 


Minimum Stable Gain 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 


Output Current (Note 3) 


HA-5101-2, -5; HA-5111-2, -5 HA-5101-9, HA-5111-9 
TEMP 
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OPERATIONAL 
AMPLIFIERS 


HA-5101, HA-5111 


Electrical Specifications Vsyppyy = +15V, Rs = 1000, R, = 2kQ, C, = 50pF, Unless Otherwise Specified (Continued) 


HA-5101-2, -5; HA-5111-2, -5 HA-5101-9, HA-5111-9 


PARAMETER TEST CONDITIONS | omin | typ | max | min | typ | max | UNITS 
Full Power Bandwidth (Note 4) 160 p= P95 160 | =| kHz 


TRANSIENT RESPONSE (Note 5) 


HA-5101 
rer 
errs 


HAS101 
HAI 
Settling Time (Note 6) HA-5101 0.01% = 


on 
oO 
—_ 
oO 
oO 


Rise Time 100 50 


Ww 
oO 
Ww 
oO 


w 
oO 
ie) 
oO 


oO; N —a 
ol o oO}tT oO 


pe) 
oO 


Overshoot 


- 
jo) 


= Be (e) (e) =] _) 
{see : ’ ale 


Slew Rate V/us 


BSS 
oO 
oO 
oO 


oO; fN = 
on} © oO 


oO 
j=) 


Be 
- 
oO 
ok 
<aih, 
a 
ine) 
a 
mM | PM 
oO} Oo 


V/us 


HA-5111 0.01% 


NOISE CHARACTERISTICS (Note 7) 
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Input Noise Voltage 
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Input Noise Current 


Broadband Noise Voltage f = DC To 30kHz 


POWER SUPPLY CHARACTERISTICS 
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100 
NOTES 
3. Output current is measured with Voyt = +15V with Vsyppry = +18V. 
4. Full power bandwidth is guaranteed by equation: Full power bandwidth = Sor ale | Vpeak = 10V. 
PEAK 


5. Refer to Test Circuits section of the data sheet. 


fo) 


. Settling time is measured to 0.01% of final value for a 10V output step, and Ay = -10 for HA-5111 and 0.01% of final value for a 10V output 
step, Ay = -1 for HA-5101. 


7. The limits for these parameters are guaranteed based on lab characterization, and reflect lot-to-lot variation. 
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HA-5101, HA-5111 


Test Circuits and Waveforms 


2kQ 


2kQQ 


IN OUT 
OUT 


2kQ 50pF 
1kQ 50pF t 


FIGURE 1. HA-5101 LARGE SIGNAL RESPONSE CIRCUIT FIGURE 2. HA-5101 SMALL SIGNAL RESPONSE CIRCUIT 


we DLO 


Ch. 1 = 2.5V/Div. Ch. 1 = 100mV/Div. 
Timebase = 200ns/Div. Timebase = 100ns/Div. 


FIGURE 3. HA-5111 LARGE SIGNAL TRANSIENT RESPONSE FIGURE 4. HA-5111 SMALL SIGNAL TRANSIENT RESPONSE 


OPERATIONAL 
AMPLIFIERS 


Ch. 1 = 2.5V/Div. Ch. 1 = 50mV/Div. 
Timebase = 1.00us/Div. Timebase = 100ns/Div. 
FIGURE 5. HA-5101 LARGE SIGNAL TRANSIENT RESPONSE FIGURE 6. HA-5101 SMALL SIGNAL TRANSIENT RESPONSE 
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HA-5101, HA-5111 


Test Circuits and Waveforms (continued) 


TO 
OSCILLOSCOPE 


OUT 


Sen 200 (NOTE 9) 50pF 
50pF 2kQ i 
2kQ 
2002 
NOTES: 
8. Ay =-1 (HA-5101), Ay = -10 (HA-5111). 
9. Feedback and summing resistors should be 0.1% matched. 
10. Clipping diodes are optional, HP5082-2810 recommended. 
FIGURE 7. HA-5111 LARGE AND SMALL SIGNAL RESPONSE FIGURE 8. SETTLING TIME CIRCUIT 
CIRCUIT 
Schematic 
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HA-5101, HA-5111 


Application Information 


Operation At +5V Supply 


The HA-5101/11 performs well at Vs = +5V exhibiting typical 
characteristics as listed below: 


FOS shied oa ae dawn a6 24th Crd os then 3.7MA 
MIC) $65 ode osetvddwussseses eetend ee 0.5mV 
IBIAS PHRMA SS OTRE TT Kee Rw eee 56nA 
Pyen (Wo RG) once een sen we ce hes 106kV/V 
BOUT <04 5 tae ban cio eneee ere eres 3.7V 
louT ee ee ee ee eee ee ee 13mA 
CMBR (AVonw = £2.5V) «2.202220 0-8 90dB 
PSR (AVG = 0.57) 2 nice econ kee wees 90dB 
Unity Gain Bandwidth (5101) ......... 10MHz 
BWP BIT). cdi cc cvesndenvie cane 100MHz 
Siew Rate (5101) ..2.6escsatyexceae 7V/us 
Slew Fate (9111) sc 2seccsene nea eves 40V/us 


Offset Adjustment 
The following is the recommended Vio adjust configuration: 


p +15V 


(NOTE) 
V 


Rp = 100kQ 


O -15V 


(NOTE) ca 


NOTE: Proper decoupling is always recommended, 0.1pF high quality 
capacitor should be at or very near the device’s supply pins. 


Compensation 


An external compensation capacitor can be used with the 
HA-5111 connected between pin 8 and ground (or V-, V+ not 
Recommended). A plot of gain bandwidth product vs com- 
pensation capacitor has been included as a design aid. The 
capacitor should be a high frequency type mounted near the 
device leads to minimize parasitics. 


i = @e — 
— ee ~ 360 oe ee 
m= em eae See se 


= 
= 
NX 
lm 


ak 
oO 
Seite Gent 
1 2 


Tt l 


GAIN BANDWIDTH PRODUCTS (MHz) 


0.1 1 10 100 300 
COMPENSATION CAPACITANCE (nF) 


Input Protection 


The HA-5101/11 has built-in back-to-back protection diodes 
which will limit the differential input voltage to approximately 
7V. If the 5101/11 will be used in conditions where that volt- 
age may be exceeded, then current limiting resistors must 
be used. No more than 25mA should be allowed to flow in 
the HA-5101/11’s input. 


Comparator Circuit 


AVIN Rim 


(AV inmax~ 7) 


Choose R jx Such That: SEA 


Output Saturation 


When an op amp is overdriven, output devices can saturate 
and sometimes take a long time to recover. Saturation can 
be avoided (sometimes) by using circuits such as: 


0 V+ 


lf saturation cannot be avoided the HA-5101/11 recovers 
from a 25% overdrive in about 6.5us (see photos). 


OUT 


averd = Tai is = ror | 
~369.3n. One; er 


Top: Input 
Bottom: Output, 5V/Div., 2us/Div. 
Output is overdriven negative and recovers in 6us. 


3-413 


OPERATIONAL 
AMPLIFIERS 


HA-5101, HA-5111 
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Typical Performance Curves 
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FIGURE 10. OFFSET VOLTAGE vs TEMPERATURE 
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FIGURE 9. HA-5101/11 NOISE SPECTRUM 
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+15V (12.89MVp_p RTO) 


PEAK TOTAL NOISE 0.1Hz TO 1MHz 


25000, Vs = 


Ay = 


25000 Vg = +15V (2.25uVp_p RTO) 
PEAK NOISE 0.1Hz TO 10Hz 
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FIGURE 12. INPUT BIAS CURRENT vs TEMPERATURE 


INPUT OFFSET CURRENT vs TEMPERATURE 


FIGURE 11. 
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HA-5101, HA-5111 


Typical Performance Curves (continued) 
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FIGURE 13. SLEW RATE/RISE TIME vs TEMPERATURE 


ees 
oe 
Pe 


0 50 100 150 200 250 300 350 400 450 500 
TIME (SECONDS) 
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FIGURE 17. DC OPEN-LOOP VOLTAGE GAIN vs SUPPLY 
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FIGURE 18. SHORT CIRCUIT CURRENT vs TIME 
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HA-5101, HA-5111 


Typical Performance Curves (continued) 
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FIGURE 19. HA-5111 FREQUENCY RESPONSE 
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FIGURE 21. HA-5101 FREQUENCY RESPONSE 
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FIGURE 23. HA-5101 CLOSED-LOOP GAIN vs FREQUENCY 
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FIGURE 20. HA-5111 CLOSED-LOOP GAIN vs FREQUENCY 
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FIGURE 24. HA-5101 REJECTION RATIOS vs FREQUENCY 
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Typical Performance Curves (continued) 
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FIGURE 27. HA-5101 +Voyrt vs Ri 
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FIGURE 28. HA-5101 -Voyt vs Ri 
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HA-5101, HA-51117 


Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
70 mils x 70 mils x 19 mils Type: Nitride (SigN4) over Silox (SiO2, 5% Phos.) 
1790um x 1780um x 483um Silox Thickness: 12kA +2 

METALLIZATION: Nitride Thickness: 3.5kA nal 


Type: Al, 1% Cu 


SUBSTRATE POTENTIAL (Powered Up): V- 
Thickness: 16kA +2kA 


TRANSISTOR COUNT: 54 


PROCESS: Bipolar Dielectric Isolation 
Metallization Mask Layout 
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M HARRIS HA-5102, HA-5104, 
SEMICONDUCTOR HA-5112, HA-5114 


Dual and Quad, 8MHz and 60MHz, Low Noise 
November 1996 Operational Amplifiers 


Features Description 


e Low Noise 4.3nV/VHz Low noise and high performance are key words describing HA-5102 
; and HA-5104, HA-5112, HA-5114. These general purpose amplifi- 

¢ Bandwidth 8MHz (Compensated) ers offer an array of dynamic specifications ranging from a 3V/us 
60MHz (Uncompensated) _ slew rate and 8MHz bandwidth (5102/04) to 20V/us slew rate and 

60MHz_ gain-bandwidth-product (HA-5112/14). Complementing 

Slew Rate 3V/us (Compensated) _ these outstanding parameters is a very low noise specification of 


20V/us (Uncompensated) 4.39V/VHz at 1kHz. 

Fabricated using the Harris high frequency DI process, these opera- 
Low Offset Voltage tional amplifiers also offer excellent input specifications such as a 
Available in Duals or Quads 0.5mV offset voltage and 30nA offset current. Complementing these 
specifications are 108dB open loop gain and 60dB channel separa- 
. . tion. Consuming a very modest amount of power (QOmW/ package 
Applicati ons for duals and 150mW/package for quads), HA-5102/04/12/14 also 

* Applications provide 15mA of output current. 


; . . This impressive combination of features make this series of amplifi- 
High Q, Active Filters 


ers ideally suited for designs ranging from audio amplifiers and 


Audio Amplifiers active filters to the most demanding signal conditioning and instru- ial 
—_ tation Amplifi mentation circuits. = He 
nstrumentation Amplifiers 

P These operational amplifiers are available in dual or quad form with O a 
Integrators industry standard pinouts allowing form immediate interchangeability Ee “= 
Signal Generators with most other dual and quad operational amplifiers c = 

, ee HA-5102 Dual, Comp. HA-5104 Quad, Comp. 

For Further Design Ideas, See Application Note AN554 P ‘ 5 < 


HA-5112 Dual, Uncomp. HA-5114 Quad, Uncomp. 
Refer to the /883 data sheet for military product. 


Pinouts (See Ordering Information on next page) 


HA-5102/5112 (PDIP, CERDIP) HA-5102 (METAL CAN) HA-5102/5112 (SOIC) 
TOP VIEW TOP VIEW TOP VIEW 


HA-5104/5114 (PDIP, CERDIP) HA5104/5114 (SOIC) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2925.2 
Copyright © Harris Corporation 1996 3-419 


HA-5102, HA-5104, HA-5112, HA-5114 


Ordering Information 


PART NUMBER TEMP. RANGE (°C) 
HA2-5102-2 -55 to 125 


PACKAGE 


8 Pin Metal Can 


16 Ld SOIC 


0 to 75 8 Pin Metal Can 
-55 to 125 8 Ld CERDIP 

0 to 75 8 Ld CERDIP 

0 to 75 16 Ld SOIC 


5 
a 
2 
5 
14 Ld CERDIP 
- 14 Ld CERDIP 
< 14 Ld PDIP 
16 Ld SOIC 
16 Ld SOIC 


8 Ld CERDIP 


HA9P5114-9 -40 to 85 


16 Ld SOIC 


16 Ld SOIC 


14 Ld CERDIP 
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14.Ld PDIP 


16 Ld SOIC 


16 Ld SOIC 
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HA-5102, HA-5104, HA-5112, HA-5114 


Absolute Maximum Ratings Thermal Information 
Supply Voltage Between V+ and V- Terminals.............. 40V Thermal Resistance (Typical, Note 2) ByA cid Bc (CC/W) 
DASPONal IU VOUAGGs «00s cee ce sce 5450 8550884 o HEROS 7V Metal Can Package............... 80 
OE WONG: 044 a cheered he eeea ei eieensnseaenane +VSUPPLY 8 Lead PDIP Package............. ie N/A 
Output Short Circuit Duration (Note 3)................ Indefinite 8 Lead CERDIP Package .......... 135 50 
SOIC Package (HA-5102, HA-5112).. 112 N/A 
Operating Conditions 14 Lead CERDIP Package ......... 80 30 
14 Lead PDIP Package............ 86 N/A 
Temperature Range 5 . SOIC Package (HA-5104, HA-5114).. 96 N/A 
ip = te a be oe sind iia iat eae a sth ak Maximum Junction Temperature (Note 1, Ceramic Package). . . 175°C 
HA-5102/§104/5112/5114-9.. “40°C 10 85°C Maximum Junction Temperature (Plastic Package) ........ 150°C 
MOSES PRE TR ASA Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Maximum power dissipation, including output load, must be designed to maintain the maximum junction temperature below 175°C for 
hermetic packages, and below 150°C for plastic packages. 


2. Qja is measured with the component mounted on an evaluation PC board in free air. 
3. Any one amplifier may be shorted to ground indefinitely. 


Electrical Specifications —Vsypp,y = +15V, Unless Otherwise Specified 


HA-5102-2, -5 HA-5104-2, -5 HA-5102-9 HA-5104-9 
HA-5112-2, -5 HA-5114-2, -5 HA-5112-9 HA-5114-9 
TEMP. 
panameren | “eer [ow] 0 [wax [ve Jw] wn [ve wax] wns [rv [wn] uns 
INPUT CHARACTERISTICS 
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Large Signal Voltage Gain 
(Vout = +9V, Rr = 2kQ) 


Common Mode Rejection Ratio Full 
(Vom = £5.0V) 


Small Signal Bandwidth 
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HA-5112/5114 (Ay = 10) 
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Channel Separation (Note 4) 
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HA-5102, HA-5104, HA-5112, HA-5114 


Electrical Specifications Vsyppyy = +15V, Unless Otherwise Specified (Continued) 


PARAMETER 


OUTPUT CHARACTERISTICS 


TEMP. 
(°C) 


| tkenee 5 
HA- | tkenee 5 


HA-5104-2, -5 
HA-5114-2, -5 


HA-5102-9 
HA-5112-9 
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HA-5114-9 


ee | ae ne eee ee ae 


Output Voltage Swing 


(RL. = 10kQ) 


Output Current (Vout = +5V) 

Full Power Bandwidth (Note 5) 
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Minimum Stable Closed Loop Gain 
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Rise Time 
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HA-5112/5114 

Overshoot 
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Slew Rate 
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Settling Time (Note 7) 
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NOISE CHARACTERISTICS (Note 8) 
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Electrical Specifications Vsypp,y = +15V, Unless Otherwise Specified (Continued) 


HA-  kgneas 02-2, -5 HA-5104-2, -5 HA-5102-9 HA-5104-9 
— HA-  kgneas 2,-5 HA-5114-2, -5 HA-5112-9 HA-5114-9 
panaweren |e) [om [ve [wax] wm [rv [wan wn [ve [wax wn [ve [wax] urs 


POWER SUPPLY CHARACTERISTICS 


Samy cuenaranes | ® | - [2°] ] [=] ]-]@]@] [safe] om 


Power Supply Rejection Ratio Full 100 100 100 100 
(AVs = +5V) 


NOTES: 
4. Channel separation value is referred to the input of the amplifier. Input test conditions are: f = 10KHz; Vij = 100MVpEa~k; Rs = 1kQ. 
5. Full power bandwidth is guaranteed by equation: Full power bandwidth = crew Rate , 
6. Refer to Test Circuits section of the data sheet. PEAK 
7. Settling time is measured to 0.1% of final value for a 1V input step, and Ay = -10 for HA-5112/5114, and a 10V input step, Ay = -1 for 


HA-5102/5104. 
8. The limits for these parameters are guaranteed based on lab characterization, and reflect lot-to-lot variation. 


Test Circuits and Waveforms 


HA-5102, HA-5104 


2kQ 


OPERATIONAL 
AMPLIFIERS 


OUTPUT 


INPUT f | 


ess lerflode 
via 


Vertical = 5V/Div., Horizontal = 5ys/Div. (Ay = -1) Vertical = 40mV/Div., Horizontal = 50ns/Div. (Ay = +1) 


FIGURE 1. LARGE SIGNAL RESPONSE CIRCUIT FIGURE 2. SMALL SIGNAL RESPONSE CIRCUIT 
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Test Circuits and Waveforms (continued) 


HA-5112, HA-5114 


INPUT SRE rer 
sedi amehavel ed wee dee lee 


AL | pe | 
Lf 


OUTPUT 


Input = 0.5V/Div., Output = 5V/Div., Time = 50ns/Div. 


OUT 


1.8kQ 
50pF 


20022 


NOTE: Ay = +10. 


FIGURE 3. LARGE AND SMALL SIGNAL RESPONSE CIRCUIT 
(Ay = +1 0) 


i 
ee 
Ji | = | [tht 
pit} pe | | ie 
ERR 


Input = 10mV/Div., Output = 


50mV/Div., Time = 50ns/Div. 


TO 


5kQ maa aad 


5002 (NOTE 9) 


9 VouT 
VIN ° 


2002 (NOTE 9) 
2kQ 


50pF 


2kQ 


NOTES: 

9. Ay =-1 (HA-5102/5104), Ay = -10 (HA-5112/5114). 
10. Feedback and summing resistors should be 0.1% matched. 
11. Clipping diodes are optional, HP5082-2810 recommended. 


FIGURE 4. SETTLING TIME CIRCUIT 
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Simplified Schematic 


7 ele FF FOG 
2 OUTPUT 
au 
= 
© wi 
i Li 
GS 
ad ce 
ui 5 
2 ae o* 
V- 


+INPUT -INPUT 


Typical Performance Curves 
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FIGURE 5. INPUT NOISE VOLTAGE DENSITY FIGURE 6. INPUT NOISE CURRENT DENSITY 
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HA-5102, HA-5104, HA-5112, HA-5114 


Typical Performance Curves (continued) 


Sid i esias sania wien 
Phila f UZRIG 
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Vg =+15V, Ta = 25°C, 50pV/Div., 1S/Div., Ay = 1000V/V 
Input Noise = 0.232uVp_p 


FIGURE 7. 0.1Hz TO 10Hz NOISE 
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FIGURE 9. Vio vs TEMPERATURE 


INPUT OFFSET CURRENT (nA) 
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FIGURE 11. lig vs TEMPERATURE 
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Vg = +15V, Ta = 25°C, 500uV/Div., 1S/Div., Ay = 1000V/V 


2.0 


0 


0 
-60 


Total Output Noise = 2.075uVp_p 
FIGURE 8. 0.1Hz TO 1MHz NOISE 
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FIGURE 10. Vio vs Vs 
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FIGURE 12. Ipias vs TEMPERATURE 
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Typical Performance Curves (continued) 
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FIGURE 13. Icc vs TEMPERATURE (HA-5104/14) FIGURE 14. Ic¢c vs Vs (HA-5102/12) 
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HA-5102, HA-5104, HA-5112, HA-5114 


Typical Performance Curves (Continued) 
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FIGURE 19. OUTPUT SHORT CIRCUIT CURRENT vs TIME 
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FIGURE 21. PSRR vs FREQUENCY 
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FIGURE 23. HA-5112/14 FREQUENCY RESPONSE 
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FIGURE 22. HA-5104/02 UNITY GAIN FREQUENCY RESPONSE 
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FIGURE 24. OPEN LOOP GAIN vs FREQUENCY 
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HA-5102, HA-5104, HA-5112, HA-5114 
Typical Performance Curves (Continued) 
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FIGURE 27. RISE TIME vs TEMPERATURE 
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HA-5102, HA-5104, HA-5112, HA-5114 


Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered Up): 
98.4 mils x 67.3 mils x 19 mils Unbiased 
SecO in x Teva & Fee hun TRANSISTOR COUNT: 
METALLIZATION: 93 
Type: Al, 1% Cu PROCESS: 


Thickness: 16kA +2kA 


PASSIVATION: 
Type: Nitride (SigN4) over Silox (SiOo, 5% Phos.) 
Silox Thickness: 12kA +2kA 
Nitride Thickness: 3.5kA +1.5kA 


Bipolar Dielectric Isolation 


Metallization Mask Layout 


HA-5102 
V- +IN1 -IN1 OUT1 


+IN2 -IN2 OUT2 V+ 


HA-5112 
V- +IN1 -IN1 OUT1 


+> $44 4+ HASI2 
= Mii rae 


43h 87200 


+IN2 -IN2 OUT2 V+ 
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Die Characteristics 
DIE DIMENSIONS: 


HA-5102, HA-5104, HA-5112, HA-5114 


SUBSTRATE POTENTIAL (Powered Up): 


95 mils x 99 mils x 19 mils Unbiased 
2420um x 2530um x 483m 
TRANSISTOR COUNT: 
METALLIZATION: 
Type: Al, 1% Cu ie 
Thickness: 16kA +2kA PROCESS: 


PASSIVATION: 


Bipolar Dielectric Isolation 


Type: Nitride (SigN4) over Silox (SiO, 5% Phos.) 


Silox Thickness: 12kA +2 


Nitride Thickness: 3.5kA +1.5kA 


Metallization Mask Layout 
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@ HARRIS HA-5127, HA-5127A 


8.5MHz, Ultra-Low Noise 
November 1996 Precision Operational Amplifier 


Features Description 


Slew Rate The HA-5127 monolithic operational amplifier features an 
Unity Gain Bandwidth unparalleled combination of precision DC and wideband 
high speed characteristics. Utilizing the Harris D. |. technol- 
Low Noise ogy and advanced processing techniques, this unique 
design unites low noise (3nV/VHz) precision instrumentation 

performance with high speed (10V/us) wideband capability. 


This amplifiers impressive list of features include low Vos 

(10u.V), wide unity gain-bandwidth (8.5MHz), high open loop 

Applications gain (1800V/mV), and high CMRR (126dB). Additionally, this 
; ; - flexible device operates over a wide supply range (+5V to 

* High Speed Signal Conditioners +20V) while consuming only 140mW of power. 
AVES PUREE ARREARS Using the HA-5127 allows designers to minimize errors while 


Low Level Transducer Amplifiers maximizing speed and bandwidth. 


Fast, Low Level Voltage Comparators This device is ideally suited for low level transducer signal 


Highest Quality Audio Preamplifiers amplifier circuits. Other applications which can utilize the 
HA-5127’s qualities include instrumentation amplifiers, pulse 
amplifiers, audio preamplifiers, and signal conditioning cir- 
Ordering Information cuits. This device can easily be used as a design enhance- 

ment by directly replacing the 725, OP25, OP0O6, OP0O7, 


PART NUMBER TEMP. ia OP27 and OP37. For the military grade product, refer to the 
(BRAND) RANGE (°C) HA-5127/883 data sheet. 


Pulse/RF Amplifiers 


HA9P5127-5 O0to75 |8LdSOIC M8.15 
(H51275) 


Pinout 


HA-5127 
(PDIP, CERDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 
sili 3-432 


File Number 2906.2 


HA-5127, HA-5127A 


Absolute Maximum Ratings Thermal Information 
Supply Voltage Between V+ and V- Terminals.............. 44V Thermal Resistance (Typical, Note 2) Oya (CCIW) 8jc (CCW) 
Differential Input Voltage (Note 3)............ 0.0... ..00005 0.7V CEM PACKAO® x vinvcxank wxemenees 135 50 
OUMO! CUNO 4 oicc cre derewaewe nas Full Short Circuit Protection POI POORANE sce ssc etacdnncendaes 92 N/A 
DONG PAGMEOG sias cr acesueeesnwanwe 187 N/A 
Operating Conditions Maximum Junction Temperature (Ceramic Package, Note 1)... 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Temperature Range 6 5 Maximum Storage Temperature Range ......... -65°C to 150°C 
deat ale RSP Ae PERS e ee A Nee se sth ib Maximum Lead Temperature (Soldering 10s)............ 300°C 
Eins Haas ane seashell heaoa eae (SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 
NOTES: 
1. Maximum power dissipation, including output load must be designed to maintain the maximum junction temperature below 175°C for 
Hermetic packages, and below 150°C for the plastic packages. 
2. Qja is measured with the component mounted on an evaluation PC board in free air. 
3. For differential input voltages greater than 0.7V, the input current must be limited to 25mA to protect the back-to-back input diodes. 


Electrical Specifications Vsyppyy = +15V, Cy < 50pF, Rs < 100Q 


TEMP. HA-5127A HA-5127 
PARAMETER rest conoimions | (°c) | wiN] TvP | wax | MN | TYP | MAX | UNITS 


INPUT CHARACTERISTICS 


INPUT CHARACTERISTICS 
Offset Voltage 25 f= | to | as 0 | 100 fo 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain Vout = +10V, Ry = 2kQ 
Full 


Common Mode a Ratio Vom = +10V Full 
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Unity-Gain-Bandwidth 8.5 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 
Full Power Bandwidth (Note 7) ——— 
Output Resistance 
Output Current CS 
TRANSIENT RESPONSE (Note 8) 


#11.5 
+13.5 


+10.0 | +11.5 
+11.7 | +13.8 
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OPERATIONAL 


AMPLIFIERS 


HA-5127, HA-5127A 


Electrical Specifications Vsyppyy = +15V, Cy < 50pF, Rg < 1002 (Continued) 


PARAMETER TEST CONDITIONS | (°C) | MIN | TYP | MAX | MIN | TYP | MAX | UNITS 


Setingtme Nowy | sd | | PP] 
foversnot SS SCdT SSCSCSC~ir |] PL oP fl otof x 


POWER SUPPLY CHARACTERISTICS 
Supply Current 


4. This parameter value is based upon design calculations. 

5. Refer to Typical Performance Curves. 

6. The limits for this parameter are guaranteed based on lab characterization, and reflect lot-to-lot variation. 
7. Full power bandwidth guaranteed based on slew rate measurement using: FPBW = stew Fate ; 

8. Refer to Test Circuits section of the data sheet. PEAK 

9. Settling time is specified to 0.1% of final value for a 10V output step and Ay = -1 


Test Circuits and Waveforms 


50pF 


As 5) 3 E 3 x : 
; y , z ; 2 F y 
‘ ‘ 4 4 4 x $ 4 
OUT & ; $ 
4 7 4 


Vertical Scale: Input = 0.5V/Div., Output = 5V/Div. Vertical Scale: 100mV/Div. 


Horizontal Scale: 1ps/Div. Horizontal Scale: 200ns/Div. 
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
+15V 
2N4416 To 


OSCILLOSCOPE NOTES: 


10. Ay =-1. 


11. Feedback and summing resistors 
should be 0.1% matched. 


12. Clipping diodes are optional. 
HP5082-2810 recommended. 


FIGURE 2. SETTLING TIME TEST CIRCUIT 
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Ser-e 


Schematic Diagram 
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HA-5127, HA-5127A 


Application Information 


NOTE: Tested Offset Adjustment Range is [Vos + 1mVI minimum referred to output. Typical range is +4mV with Ry = 10kQ. 


FIGURE 3. SUGGESTED OFFSET VOLTAGE ADJUSTMENT 


Low resistances are preferred for low noise applications as a 1kQ resistor has 4nV//Hz of thermal noise. Total resistances of greater than 10kQ on 
either input can reduce stability. In most high resistance applications, a few picofarads of capacitance across the feedback resistor will improve stability. 


FIGURE 4. SUGGESTED STABILITY CIRCUITS 


Typical Performance Curves unless Otherwise Specified: Ty = 25°C, Vsuppiy = +15V 
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HA-5127, HA-5127A 


Typical Performance Curves unless Otherwise Specified: Ta = 25°C, Vsyppty =+15V (Continued) 
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HA-5127, HA-5127A 


Typical Performance Curves unless Otherwise Specified: Ta = 25°C, Vsyppry = +15V (Continued) 
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HA-5127, HA-5127A 


Typical Performance Curves Unless Otherwise Specified: Ta = 25°C, Vsyppty = +15V (Continued) 
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FIGURE 21. PEAK-TO-PEAK NOISE VOLTAGE (0.1Hz TO 10Hz) 
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Die Characteristics 


DIE DIMENSIONS: 
104 mils x 65 mils x 19 mils 
2650um x 1650um x 483um 
METALLIZATION: 


Type: Al, 1% Cu 
Thickness: 16kA +2kA 


HA-5127, HA-5127A 


PASSIVATION: 


Type: Nitride (SigN4) over Silox (SiOo, 5% Phos.) 
Silox Thickness: 12kA +2 
Nitride Thickness: 3.5kA +1.5kA 


TRANSISTOR COUNT: 
63 


SUBSTRATE POTENTIAL (Powered Up): PROCESS: 


\- 


Bipolar Dielectric Isolation 


Metallization Mask Layout 


HA-5127 


OUT 
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HARRIS HA-5130, HA-5135 


November 1996 2.5MHz, Precision Operational Amplifiers 


Features Description 


Low Offset Voltage The Harris HA-5130/5135 are precision operational amplifiers 
; manufactured using a combination of key technological 
aa ees See er advancements to provide outstanding input characteristics. 


cline A Super Beta input stage is combined with laser trimming, 


Open Loop Gain dielectric isolation and matching techniques to produce 

25uV (Maximum) input offset voltage and 0.4u.V/°C input off- 

Unity Gain Bandwidth set voltage average drift. Other features enhanced by this 

All Bipolar Construction process include 9nV/VHz (Typ.) Input Noise Voltage, 1nA 
Input Bias Current and 140dB Open Loop Gain. 


Applications These features coupled with 120dB CMRR and PSRR make 
HA-5130/5135 an ideal device for precision DC instrumentation 
amplifiers. Excellent input characteristics in conjunction with 
¢ Precision Data Acquisition 2.5MHz bandwidth and 0.8V/us slew rate, make this amplifier 
extremely useful for precision integrator and biomedical 
amplifier designs. These amplifiers are also well suited for 
Biomedical Amplifiers precision data acquisition and for accurate threshold detector 
applications. 


¢ High Gain Instrumentation 


Precision Integrators 


Precision Threshold Detectors 
HA-5130/5135 offers added features over the industry stan- 


Ordering Information dard OP-07 in regards to bandwidth and slew rate specifica- 
tions. For the military grade product, refer to the HA- 


TEMP. 5135/883 data sheet. 
PART NUMBER | RANGE (°C) PACKAGE 


HA2-5130-5 0to75 |8 Pin Metal Can 
HA2-5135-5 0to75 |8 Pin Metal Can 


OPERATIONAL 
AMPLIFIERS 


HA7-5130-5 0 to 75 8 Ld CERDIP F8.3A 
HA7-5135-2 -55 to 125 |8Ld CERDIP E8.3A 


HA7-5135-5 0 to 75 8 Ld CERDIP E8.3A 


HA7-5130-2 -55 to 125 |8LdCERDIP F8.3A 


Pinouts 


HA-5130/5135 HA-5130/5135 
(CERDIP) (METAL CAN) 
TOP VIEW TOP VIEW 


NOTE: Both BAL 1 pins are connected together internally. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2907.2 
Copyright © Harris Corporation 1996 3-444 


HA-5130, HA-5135 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals..............00006- 40V 
Diverental OUT VOUAOS, o.scccissrrde ceeens teseeedsarad 7V 
Output Short Circuit Duration...................0005 Indefinite 


Operating Conditions 


Temperature Ranges 
HA-5130/5135-2 . 0... cece tenes -55°C to 125°C 
MAS 150/5136-6 icc cccscacccceawvaeieesaneds 0°C to 75°C 


Thermal Information 


Thermal Resistance (Typical, Note 2) Oya (CCIW) 8jc (CCW) 


CERDIP PoChede 2.606 pewsanetacis 135 50 

Metal Can Package............... 165 80 
Maximum Junction Temperature (Note 1) ................. 175°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............ 300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Maximum power dissipation, including output load, must be designed to maintain the maximum junction temperature below 175°C. 


2. Oya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +15V 


PARAMETER 
INPUT CHARACTERISTICS 


TEST CONDITIONS 


Offset Voltage 


Average Offset Voltage Drift 


Bias Current 


Bias Current Average Drift 


Offset Current 


Offset Current Average Drift 
Common Mode Range 


Differential Input Resistance 


0.1Hz to 10Hz 
f = 10Hz 


Input Noise Voltage (Note 3) 
Input Noise Voltage Density 
rete) f = 100Hz 
f = 1000Hz 
Input Noise Current (Note 3) 0.1Hz to 10Hz 
Input Noise Current Density f = 10Hz 
ani f = 100Hz 
f = 1000Hz 
TRANSFER CHARACTERISTICS 
Large Signal Voltage Gain VouT = £10V, Ry = 2kQ 


Common Mode Rejection Ratio | Vchy =+10V 


Closed Loop Bandwidth Avci = +1 
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HA-5130, HA-5135 


Electrical Specifications Vsyppyy =+15V (Continued) 


PARAMETER TEST CONDITIONS 
OUTPUT CHARACTERISTICS 


Output Voltage Swing 


Full Power Bandwidth (Note 4) | Ry = 2kQ 
Output Current VouT = 10V +15 


TRANSIENT RESPONSE (Note 6) 


Ri, = 6002 


ak 


pS 
ao 


Rise Time 


Slew Rate 


—_ 
—_ 


— 
— 
— 
nical 
aa 


© 
or 
ah 


ani 
oO 


wl 
NOTES: = oh 
3. Not tested. 90% of units meet or exceed these specifications. oO W 
4. Full power bandwidth guaranteed based on slew rate measurement using: FPBW = pee Fate : E = 
5. Output resistance measured under open loop conditions (f = 100Hz). PEAK i = 
6. Refer to test circuits section of the data sheet. 5 < 
7. Settling time is measured to 0.1% of final value for a 10V output step and Ay = -1. 
Test Circuits and Waveforms 
IN 
OUT 
2kQ 100pF 


‘ 


FIGURE 1. SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT 


Pt tT tT tet ty SERRE SEER 
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Vertical Scale: 5V/Div. 


Vertical Scale: Input = 50mV/Div. Output = 100mV/Div. 


Horizontal Scale: 11s/Div. 


SMALL SIGNAL RESPONSE 


Horizontal Scale: 5ys/Div. 


LARGE SIGNAL RESPONSE 


HA-5130, HA-5135 


Test Circuits and Waveforms (continued) 


+15V 


2N4416 
TO 


OSCILLOSCOPE 
NOTES: 
8. Ay =-1. 
> Vout 9. Feedback and summing resistors 


Vin © should be 0.1% matched. 


10. Clipping diodes are optional. 
HP5082-2810 recommended. 
2kQ 


FIGURE 2. SETTLING TIME CIRCUIT 


Schematic Diagram 
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Application Information 
Power Supply Decoupling should be minimized. Isolation of low level circuity from heat 


fa i enerating components is recommended. 
Although not absolutely necessary, it is recommended that g g P 


all power supply lines be decoupled with 0.01uF ceramic 3. Shielded cable input leads, guard rings and shield drivers 


capacitors to ground. Decoupling capacitors should be are recommended for the most critical applications. 
located as near to the amplifier terminals as possible. Large Capacitive Loads 
Considerations For Prototyping: When driving large capacitive loads (>500pF), a small value 


resistor (~50Q) should be connected in series with the out- 


The following list of recommendations are suggested for put and inside the feedback loop. 


prototyping. 


1. Resolving low level signals requires minimizing leakage cur- 
rents caused by external circuitry. Use of quality insulating 
materials, thorough cleaning of insulating surfaces and imple- 
mentation of moisture barriers when required is suggested. 


Offset Voltage Adjustment (See Figure 3) 


A 20kQ balance potentiometer is recommended if offset null- 

ing is required. However, other potentiometer values such as 

10kQ, 50kQ and 100kQ may be used. The minimum 

adjustment range for given values is t2mV. Vos TC of the 

2. Error voltages generated by thermocouples formed between amplifier is optimized at minimal Vos. Tested Offset Adjust- 
dissimilar metals in the presence of temperature gradients ment is Vos + 1mVI minimum referred to output. 


HA-5130, HA-5135 


5 V+ 


Rp (NOTE) 


I 
i 
‘ 
4 


OPTIONAL 
CONNECTION 


I 
I 
. 


FIGURE 3. OFFSET NULLING CONNECTIONS 


Saturation Recovery 


Input and output saturation recovery time is negligible in most 
applications. However, care should be exercised to avoid 
exceeding the absolute maximum ratings of the device. 


Differential Input Voltages 


Inputs are shunted with back-to-back diodes for overvoltage 
‘protection. In applications where differential input voltages in 
excess of 1V are applied between the inputs, the use of limit- 
ing resistors at the inputs is recommended. 


Typical Applications 


The excellent input and gain characteristics of HA-5130 are 
well suited for precision integrator applications. Accurate 
integration over seven decades of frequency using HA-5130, 
virtually nullifies the need for more expensive chopper-type 
amplifiers. 


> OUT 


FIGURE 4. PRECISION INTEGRATOR 


Low Vos coupled with high open loop Gain, high CMRR and 
high PSRR make HA-5130 ideally suited for precision detec- 
tor applications, such as the zero crossing detector shown in 
Figure 5. 


o OUT 


OPTIONAL FOR OUTPUT 
SWING LIMITING 


FIGURE 5. ZERO CROSSING DETECTOR 


HA-5130 


HA-5130 
-15V 


Ss ; 


NOTE: Ay = 100 


FIGURE 6. PRECISION INSTRUMENTATION AMPLIFIER 
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OPERATIONAL 
AMPLIFIERS 


HA-5130, HA-5135 


Typical Performance Curves 
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HA-5130, HA-5135 


Typical Performance Curves (continued) 
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OPERATIONAL 
AMPLIFIERS 


OUTPUT VOLTAGE SWING (Vp.p) 
NORMALIZED AC PARAMETERS 
REFERRED TO VALUE AT +15V 
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HA-5130, HA-5135 


Typical Performance Curves (Continued) 
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HA-5130, HA-5135 


Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 

72 mils x 103 mils x 19 mils Type: Nitride (SigN4) over Silox (SjOo, 5% Phos.) 

(1840um x 2620um x 483m) Silox Thickness: 12kA +2 

Nitride Thickness: 3.5kA +1 5kA 

METALLIZATION: 

Type: Al, 1% Cu TRANSISTOR COUNT: 

Thickness: 16kA +2kA 71 
SUBSTRATE POTENTIAL (Powered Up): PROCESS: 

\- Bipolar Dielectric Isolation 


Metallization Mask Layout 
HA-5130, HA-5135 


BAL1 V+ OUT BAL1 


OPERATIONAL 
AMPLIFIERS 


BAL2 
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@ WARS HA-5134 


November 1996 4MHz, Precision, Quad Operational Amplifier 


Features | Description 


Low Offset Voltage 200uV (Max) The HA-5134 is a precision quad operational amplifier that is 
: pin compatible with the OP-400, LT1014, OP11, RM4156, 

Low Offset Voltage Drift 2uV/°C (Max) and LM148 as well as the HA-4741. Each amplifier features 
High Channel Separation guaranteed maximum values for offset voltage of 200:V, off- 
set voltage drift of 2uV/°C, and offset current of 75nA over 

Low Noise the full military temperature range while CMRR/PSRR is 
guaranteed greater than 94dB and Ayo, is guaranteed 


Unity Gain Bandwidth above 500kV/V from -55°C to 125°C. 


High CMRR/PSRR Precision performance of the HA-5134 is enhanced by a 
noise voltage density of 7nV/VHz at 1kHz, noise current den- 
Applications sity of 1pA/VHz at 1kHz and channel separation of 120dB. 

Each unity-gain stable quad amplifier is fabricated using the 
e Instrumentation Amplifiers dielectric isolation process to assure performance in the 


; P most demanding applications. 
State-Variable Filters 


The HA-5134 is ideal for compact circuits such as instru- 
Precision Integrators mentation amplifiers, state-variable filters, and low-level 
transducer amplifiers. Other applications include precision 
data acquisition, precision integrators, and accurate thresh- 
Precision Data Acquisition Systems old detectors in designs where board space is a limitation. 


Threshold Detectors 


Low-Level Transducer Amplifiers For military grade product, refer to the HA-5134/883 data sheet. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) PACKAGE 


HA1-5134-2 -55 to 125 |14Ld CERDIP F14.3 
HA1-5134-5 0 to 75 14 Ld CERDIP F14.3 


Pinout 


HA-5134- 
(CERDIP) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2926 2 
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HA-5134 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals................0005 40V 
Differential Input Voltage (Note 2)............ 0.0.0.0 0c eee 6V 
UU GUITEM 5. is cc cceadenceseans Full Short Circuit Protection 


Operating Conditions 


Temperature Range 
Re, 5269 9250055 sei deine Rie sate ek -55°C to 125°C 
gl cel SES EE TURE TRIPLE TET errr ee 0°C to 75°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) Bya (°C/W) 0 JC (°C/W) 


CERDIP PACKAOS «cov sccuwa ee enae 80 30 
Maximum Junction Temperature (Note 3)................. 175°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............ 300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. 8ya is measured with the component mounted on an evaluation PC board in free air. 


2. For differential input voltages greater than 6V, the input current must be limited to 25mA to protect the back-to-back input diodes. 


3. Maximum power dissipation, including output load, must be designed to maintain the maximum junction temperature below 175°C. 


Electrical Specifications Vsyppyy = +15V, Ry. = 2kQ, C,, = 50pF, Rs < 100, Unless Otherwise Specified 


PARAMETER 
INPUT CHARACTERISTICS 


Offset Voltage 


Average Offset Voltage Drift 


Offset Current 


args Oat Curent oot 


Input Noise Voltage Density 


0.1Hz to 10Hz 
f = 10Hz 
f = 100Hz 
f = 1kHz 
f = 10Hz 
f = 100Hz 
f = 1kHz 


Input Noise Current Density 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain Vout = +10V 


Common Mode Rejection Ratio Vom = +10V 


OUTPUT CHARACTERISTICS 


TEST CONDITIONS 
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OPERATIONAL 


AMPLIFIERS 


HA-5134 


Electrical Specifications = Vsyppyy = +15V, Ry = 2kQ, C, = 50pF, Rg < 100, Unless Otherwise Specified (Continued) 


HA-5134-2/- 
PARAMETER 


Full Power Bandwidth (Note 4) 


TRANSIENT RESPONSE (Note 5) 


Settling Time (Note 6) 


Supply Current 


Power Supply Rejection Ratio 


NOTES: 
a Slew Rate | 

4. Full power bandwidth guaranteed based on slew rate measurement using: FPBW = i VPEAK = 10V. 

5. Refer to Test Circuits section of the data sheet. PEAK 

6. Specified to 0.01% of a 10V step, Ay = -1. 

Test Circuits and Waveforms 

IN 
OUT 
2kQ 50pF 


FIGURE 1. SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT 


co ALA . ; Se * Be 9 Ss 


Vertical: 50mV/Div., Horizontal: 200ns/Div. Vertical: 2V/Div., Horizontal: 2us/Div. 


Ta = 25°C, Vg = +15V, Ay = +1, Ry = 2kQ, C, = 50pF Ta = 25°C, Vg = +15V, Ay = +1, Ry = 2kQ, C, = 5OpF 
SMALL SIGNAL RESPONSE LARGE SIGNAL RESPONSE 
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HA-5134 


Test Circuits and Waveforms (continued) 


+15V 


2N4416 
TO 
OSCILLOSCOPE 


© VouT 
Vin © 


2kQ 
NOTES: 
7. Ay =-1. 
8. Feedback and summing resistors should be 0.1% matched. e, = 0.1671Vp.p 
9. Clipping diodes are optional. HP5082-2810 recommended. 0.05uV/Div., 1s/Div. 


FIGURE 2. SETTLING TIME CIRCUIT PEAK-TO-PEAK NOISE 0.1Hz TO 10Hz 


Schematic Diagram (Each Amplifier) 
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HA-5134 


Application Information 


Power Supply Decoupling materials, thorough cleaning of insulating surfaces and 
implementation of moisture barriers when required is 


Although not absolutely necessary, it is recommended that 
suggested. 


all power supply lines be decoupled with 0.01LF ceramic 
capacitors to ground. Decoupling capacitors should be 2. Error voltages generated by thermocouples formed between 
located as near to the amplifier terminals as possible. dissimilar metals in the presence of temperature gradients 
should be minimized. Isolation of low level circuitry from heat 


Considerations For Prototyping 
generating components is recommended. 


The following list of recommendations are suggested for 

prototyping. 

1. Resolving low level signals requires minimizing leakage 
currents caused by external circuitry. Use of quality insulating 


3. Shielded cable input leads, guard rings and shield drivers are 
recommended for the most critical applications. 


Typical Applications 
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Ta = 25°C, Vs = +15V, Ay = 1, Ry = 10kQ Vout = £10V, Rioap = 502 Cioap = 0.01pF, Ay = 3, Vs = +15V 
20mV/Div., 1p:s/Div. Top: Input, 2V/Div., 20us/Div. Bottom: Output, 5V/Div, 20us/Div. 
FIGURE 3. SMALL SIGNAL TRANSIENT RESPONSE TRANSIENT RESPONSE OF APPLICATION CIRCUIT #1 


(CLoaD = 1nF) 


11. 10Q - 1002 recommended for short circuit limiting. 


12. When driving heavy loads the HA-5002 may 
0.01nF contribute to thermal errors. Proper thermal shielding 
1. is recommended. 


(NOTE 11) 502 


4 -15V 


FIGURE 4. APPLICATION CIRCUIT #1: INSTRUMENTATION AMPLIFIER WITH POWER OUTPUT 
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HA-5134 


Typical Applications (continued) 


1/4 HA-5134 


HI-509 


1/4 HA-5134 1A 2A 3A 4A 


High Ayo, of HA-5134 reduces gain error. 
Gain Error = 0.004% at Ay = 8. 


1/4 HA-5134 
FIGURE 5. APPLICATION CIRCUIT #2: PROGRAMMABLE GAIN AMPLIFIER 
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VIN . yaar fi Vd Scher Gere: eric re We Ore Be 
(BOTTOM TRACE) 


1/4 HA-5134 


OUTPUT 
(TOP TRACE) 


Horizontal: 50ys/Div. 
Vin = t25mV, Voyt = +14V 


NOTE: If differential input voltages greater than 6V are present, input 
current must be limited to less than 25mA. 


FIGURE 6. APPLICATION CIRCUIT #3: PRECISION COMPARATOR 


Typical Performance Curves 
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FIGURE 7. Vig WARM-UP DRIFT 
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FIGURE 8. INPUT OFFSET VOLTAGE vs TEMPERATURE 


OPERATIONAL 


AMPLIFIERS 


HA-5134 


Typical Performance Curves (continued) 


OFFSET CURRENT (nA) 


REJECTION RATIO (dB) 


CMRR (dB) 
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TEMPERATURE (°C) 


FIGURE 9. OFFSET CURRENT vs TEMPERATURE 
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FIGURE 11. REJECTION RATIOS vs TEMPERATURE 
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FIGURE 13. CMRR vs FREQUENCY 


NOISE VOLTAGE DENSITY (nV/VHz) 
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CHANNEL SEPARATION (dB) 


PSRR (dB) 


100 10K 100K 


FREQUENCY (Hz) 


FIGURE 10. CHANNEL SEPARATION vs FREQUENCY 


NOISE CURRENT DENSITY (pA/VHz) 


FREQUENCY (Hz) 


FIGURE 12. NOISE DENSITY vs FREQUENCY 
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FIGURE 14. PSRR vs FREQUENCY 


HA-5134 


Typical Performance Curves (continued) 
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FIGURE 19. OVERSHOOT vs C_oap FIGURE 20. OPEN LOOP GAIN AND PHASE vs FREQUENCY 
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HA-5137, HA-5137A 


63MHz, Ultra-Low Noise Precision 


Operational Amplifier 


Features 
e Slew Rate 
e Wide Gain Bandwidth (Ay > 5) 


e Low Noise 


Applications 
e High Speed Signal Conditioners 
e Wide Bandwidth Instrumentation Amplifiers 
Low Level Transducer Amplifiers 
Fast, Low Level Voltage Comparators 
Highest Quality Audio Preamplifiers 
Pulse/RF Amplifiers 
For Further Design Ideas See Application Note 553 


Ordering Information 


PART NUMBER TEMP. 
(BRAND) RANGE (°C)| PACKAGE 


HA9P5137-5 0to75 |8LdSOIC M8.15 
(H51375) 


Pinout 


Description 


The HA-5137 operational amplifier features an unparalleled 
combination of precision DC and wideband high speed 
characteristics. Utilizing the Harris Dielectric Isolation 
technology and advanced processing techniques, this 
unique design unites low noise (3nV//Hz) precision 
instrumentation performance with high speed (20V/us) 
wideband capability. 


This amplifier’s impressive list of features include low Vos 
(10u.V), wide gain bandwidth (63MHz), high open loop gain 
(1800V/mV), and high CMRR (126dB). Additionally, this 
flexible device operates over a wide supply range (+5V to 
+20V) while consuming only 140mW of power. 


Using the HA-5137 allows designers to minimize errors while 
maximizing speed and bandwidth in applications requiring 
gains greater than five. 


This device is ideally suited for low level transducer signal 
amplifier circuits. Other applications which can utilize the 
HA-5137’s qualities include instrumentation amplifiers, pulse 
or RF amplifiers, audio preamplifiers, and signal conditioning 
Circuits. 


This device can easily be used as a design enhancement by 
directly replacing the 725, OP25, OPO06, OPO7, OP27 and 
OP37 where gains are greater than five. For the military 
grade product, refer to the HA-5137/883 data sheet. 


HA-5137, HA-5137A 
(PDIP, CERDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 
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HA-5137, HA-5137A 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals.................... 44V 
Differential Input Voltage (Note 1)....................4.. 0.7V 
CUI CUTE « scncxenveengese nas Full Short Circuit Protection 


Operating Conditions 


Temperature Range 
HA-51S7/SGTA+2. cw cca ccucctcsacssabaceas -55°C to 125°C 
HA-5137/B7A-5. 0... cc eee eee aes 0°C to 75°C 


Thermal Information 


Thermal Resistance (Typical, Note 2) Oya (CCIW) 8yc (°C/W) 


CERDIP Package: 2. .scsseeesnsas 135 50 

POP PACMAG 6 occ katen soe od ew oows 120 N/A 

SOIC Package................04- 160 N/A 
Maximum Junction Temperature (Hermetic Package) ........ 175°C 
Maximum Junction Temperature (Plastic Packages) ....... 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 


Die Characteristics 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. For differential input voltages greater than 0.7V, the input current must be limited to 25mA to protect the back-to-back input diodes. 
2. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsypp,y = +15V, Cy < 50pF, Rg < 1002 


TEST 
CONDITIONS 


PARAMETER 


INPUT CHARACTERISTICS 


Offset Voltage 


Average Offset Voltage Drift 


Offset Current 


Common Mode Range 
Differential Input Resistance (Note 3) 
Input Noise Voltage (Note 4) 


Input Noise Voltage Density 
(Note 5) 


0.1Hz to 10Hz 
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Input Noise Current Density 
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TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain 


Common Mode Rejection Ratio Vom = +10V 


HA-5137 HA-5137A 
TEMP. 
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OPERATIONAL 
AMPLIFIERS 


HA-5137, HA-5137A 


Electrical Specifications —Vsyppyy = +15V, Cy, < 50pF, Rg < 1002 (Continued) 


HA-5137 HA-5137A 
TEST TEMP. 
Gain-Bandwidth-Product 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 


a 


TRANSIENT RESPONSE (Note 7) 
pom 
Siow Ra Vour=#0V cz REE. 


a a 


POWER SUPPLY CHARACTERISTICS 


sf} - js] - | 
ps} | 4 
Power Supply Rejection Ratio Vs =+4V to +18V po | te | st | 


NOTES: 
3. This parameter value is based upon design calculations. 


on 


Supply Current 


4. Refer to Typical Performance section of the data sheet. 
5. The limits for this parameter are based on lab characterization, and reflect lot-to-lot variation. 
6. Full power bandwidth guaranteed based on slew rate measurement using: FPBW = oiow Rate : 
7. Refer to Test Circuits section of the data sheet. PEAK 
8. Settling time is specified to 0.1% of final value for a 10V output step and Ay = -5. 
Test Circuits and Waveforms 
0 OUT 


FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 
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HA-5137, HA-5137A 


Test Circuits and Waveforms (continueg) 


op, 
3 
4. en tenn esters Brera ls Sa, mia ee ees ce eee 
t ae ae 
ne cag 
t IN — 4 ee 
i t 
: ue { 
a OUT 
. are ee TNS Gates 
Vertical Scale: Input = 1V/Div. Vertical Scale: Input = 20mV/Div. 
Output = 5V/Div. Output = 100mV/Div. 
Horizontal Scale: 1ps/Div. Horizontal Scale: 100ns/Div. 
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 


+15V 
2N4416 


TO 
OSCILLOSCOPE 


NOTES: 


50pF 
L 9. Ay=-5 
10. Feedback and summing resistors should be 
0.1% matched. 


11. Clipping diodes are optional. HP5082-2810 
recommended. 


FIGURE 2. SETTLING TIME TEST CIRCUIT 
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Schematic Diagram 
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HA-5137, HA-5137A 


Application Information 


NOTE: Tested Offset Adjustment Range is Vos + 1mVI minimum referred to output. Typical range is t4mV with Rp = 10kQ. 
FIGURE 3. SUGGESTED OFFSET VOLTAGE ADJUSTMENT 
Cs 


er) ator 


OPERATIONAL 
AMPLIFIERS 


NOTE: Low resistances are preferred for low noise applications as a 1kQ resistor has 4nV/VHz of thermal noise. Total resistances of greater 
than 10kQ on either input can reduce stability. In most high resistance applications, a few picofarads of capacitance across the feedback 
resistor will improve stability. 


FIGURE 4. SUGGESTED STABILITY CIRCUITS 


Typical Performance Curves unless Otherwise Specified: Ta = 25°C, Vsuppy = +15V 
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FIGURE 5. TYPICAL OFFSET VOLTAGE DRIFT vs TEMPERATURE FIGURE 6. NOISE CHARACTERISTICS 


3-463 


HA-5137, HA-5137A 


Typical Performance Curves unless Otherwise Specified: Ta = 25°C, Vgyppyy = +15V (Continued) 


INPUT NOISE VOLTAGE (Vp-p) 


SUPPLY CURRENT (mA) 


PSRR (dB) 
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FIGURE 7. NOISE vs SUPPLY VOLTAGE 


SUPPLY VOLTAGE (+V) 


FIGURE 9. SUPPLY CURRENT vs SUPPLY VOLTAGE 
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FIGURE 11. PSRR vs FREQUENCY 
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FIGURE 8. CMRR vs FREQUENCY 
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FIGURE 10. BANDWIDTH AND SLEW RATE vs SUPPLY 
VOLTAGE 
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FIGURE 12. CLOSED LOOP GAIN AND PHASE vs FREQUENCY 
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HA-5137, HA-5137A 


Typical Performance Curves unless Otherwise S 


Avot (100kV/V) AND Voyrt (V) 


LOAD RESISTANCE (kQ) 
FIGURE 13. Ayo, AND Voyt vs LOAD RESISTANCE 


SUPPLY CURRENT (mA) 


TEMPERATURE (°C) 


FIGURE 15. SUPPLY CURRENT vs TEMPERATURE 
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FIGURE 17. OPEN LOOP GAIN AND PHASE vs FREQUENCY 


pecified: Ta = 25°C, Vsuppity = +15V (Continued) 


SLEW RATE NORMALIZED TO 1 AT 30°C 


40 
TEMPERATURE (°C) 


FIGURE 14. NORMALIZED SLEW RATE vs TEMPERATURE 
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FIGURE 16. Voyt MAX ( UNDISTORTED SINEWAVE OUTPUT) 
vs FREQUENCY 


Ag. =25,000V/V 
Horizontal Scale = 1s/Div. 
Vertical Scale = 0.002uV/Div., Ex = 0.08 Vp_p RTI 


FIGURE 18. PEAK-TO-PEAK NOISE VOLTAGE (0.1Hz TO 10Hz) 
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Features 
e Low Supply Current 
Wide Supply Voitage Range Single 


HA-5142, HA-5144 


45, A/Amp 
3V to 30V 


or Dual ...........................08. +1.5V to +15V 


High Slew Rate 

High Gain 

Unity Gain Stable 

Available in Duals and Quads 


Applications 

¢ Portable Instruments 

¢ Meter Amplifiers 

¢ Telephone Headsets 
Microphone Amplifiers 


Instrumentation 


100kV/V 


For Further Design Ideas See Application Note 544 


Pinouts (See Ordering Information on Next Page) 


HA-5142 (PDIP, CERDIP) 
TOP VIEW 


HA-5142 (METAL CAN) 
TOP VIEW 


HA-5144 (PDIP, CERDIP) 


TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


Copyright © Harris Corporation 1996 


Dual/Quad, 400kHz, Ultra-Low Power 
Operational Amplifiers 


Description 


The HA-5142/44 ultra-low power operational amplifiers 
provide AC and DC performance characteristics similar to or 
better than most general purpose amplifiers while only 
drawing 1/30 of the supply current of most general purpose 
amplifiers. In applications which require low power dissipa- 
tion and good AC electrical characteristics, this family offers 
the industry’s best speed/power ratio. 


The HA-5142/44 provides accurate signal processing by virtue of 
their low input offset voltage (2mV), low input bias current (45nA), 
high open loop gain (100kV/V) and low noise (20nV/VH2), for low 
power operational amplifiers. These characteristics coupled with 
a 1.5V/us slew rate and a 400kHz bandwidth make the HA- 
5142/44 ideal for use in low power instrumentation, audio ampli- 
fier and active filter designs. The wide range of supply voltages 
(3V to 30V) also allow these amplifiers to be very useful in low 
voltage battery powered equipment. These parts are also tested 
and guaranteed at both +15V and single ended +5V supplies. 


These amplifiers are available with industry standard pinouts 
which allow the HA-5142/5144s to be interchangeable with 
most other operational amplifiers. For military grade product 
refer to the 5142, 5144/883 data sheet. 


HA-5142 (SOIC) 
TOP VIEW 


HA-5144 (SOIC) 
TOP VIEW 
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HA-5142, HA-5144 


Ordering Information 


a 


HA7-5142-5 


HA9P5142-9 


HA1-5144-2 


HA1-5144-5 


HA3-5144-5 E14.3 
HAQP5144-5 16 Ld SOIC M16.3 
HA9P5144-9 -40 to 85 16 Ld SOIC M16.3 


Schematic Diagram 
a] 


OPERATIONAL 
AMPLIFIERS 


> OUTPUT 


3-467 


HA-5142, HA-5144 


Absolute Maximum Ratings Thermal Information 
Supply Voltage Between V+ and V- Terminals.......... .... 35V.— Thermal Resistance (Typical, Note 1) 8a (CCIW) 8yc (CCM) 
Differential Input Voltage...........0. 00.0.0. eee ee eee cag EM 14 Lead CERDIP Package ......... To 20 
Output Current ...60cccscccosceadesaesss Short Circuit Protected 8 Pin Metal Can Package .......... 155 67 
14 Lead PDIP Package............ 100 N/A 
Operating Conditions 8 Lead PDIP Package .............. 120 N/A 
8 Lead CERDIP Package .......... 135 50 
Temperature Range Sec oak 16 Lead SOIC Package (HA-5142)... 110 N/A 
Ligpeee OER RESATE RR RAST RE NS RRR A _ tel ota 16 Lead SOIC Package (HA-5144) .... 100 N/A 
HA5142/44-9................... 0, 40°C to 85°C Maximum Junction Temperature (Hermetic Packages) ....... 175°C 
aes ee Maximum Junction Temperature (Plastic Packages) ....... 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Rs = 100, C, < 10pF, Unless Otherwise Specified 


-2, -5, -9 -2, -5, -9 
V+ = +5V, V- =0V V+ = +15V, V- = -15V 


TEST 
CONDITIONS 


TEMP. 


PARAMETER (°c) TYP 


Zz 


NITS 


INPUT CHARACTERISTICS 


Offset Voltage Note 11 
Full 


Average Offset Voltage Drift Full 


sBBEE 
oO 
co) 
st 
oO 
= 
> 


Bias Current Note 11 


z a 


Note 11 
ap 


Sra I 
cme =} fe 


Full 
-2,-5 
Full 
-9 
Note 7 Full 
-2,-5 
Full 
-9 
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Offset Current 


Common Mode Range 
Differential Input Resistance 


Input Noise Voltage 


Input Noise Current 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain 


Common Mode Rejection Ratio 


HA-5142, HA-5144 


Electrical Specifications Rg = 1000, C; < 10pF, Unless Otherwise Specified (Continued) 


| venaanten :| B96 2, -5,-9 
V+= | venaanten :| V-= V+ = +15V, V-=-15V 
TEST TEMP. 
PARAMETER CONDITIONS (°c) Fart ae Te | MIN | TYP | MAX | UNITS 


a mee | = |-t=[-|-[=--) = 


OUTPUT CHARACTERISTICS 


Output Voltage Swing Notes 2, 10 1.0to | 0.7 to 
3.8 4.2 

Full 1.2to | 0.9 to 
3.5 4.0 


Full Power Bandwidth Notes 2, 4, 8 | 25 | = | ao f= | 


TRANSIENT RESPONSE (Notes 2, 3) 


POWER SUPPLY CHARACTERISTICS 


Supply Current 


Power Supply Rejection Ratio 


NOTES: 
2. Ry = 50kQ. 
. C_ = 50pF. 
. Vo = 1.4 to 2.5V for Vsyppty = +5, OV; Vo = £10V for VsyppLy = +15V. 


. Settling Time is specified to 0.1% of final value for a 3V output step and Ay = -1 for Vsupp_y = +5V, OV. Output step = 10V for VsyppLy = +15V. 


. Vom = 0 to 3V for Vsyppry = +5, OV; Von = £10V for Vsuppy = +15V. 
Slew Rate 


2mV BEAK 
9. AVg = +10V for VsyuppLy = +5, OV; AVs = +5V for VsuppLy = +15V. 


10. For Vsyppry = +5, OV terminate R, at +2.5V. Typical output current is t3mA. 
11. Vo = 1.4V for VsuppLy = +5V, OV. 


3 
4 
5 
6. Maximum input slew rate = 10V/us. 
Pi 
8 


. Full Power Bandwidth is guaranteed by equation: FPBW = 
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HA-5142, HA-5144 


Test Circuits and Waveforms 


OUT 
S0kQ 50pF 


FIGURE 1. SLEW RATE AND TRANSIENT RESPONSE TEST CIRCUIT 


INPUT 
INPUT 
OUTPUT OUTPUT 
0%: a east thetetistee ple os oven sdors e000 ov sane. secon wadortets MGM CTI OTE. nbokthion eA tererat te ree CCT Meh wend tots #104 tsp bes e< Posed nena eee 
+VsuppLy = +15¥, -Vsuppty = -15V +Vsuppcy = +15V, -VsuppLy = -15V 
Vertical Scale: Input = 5V/Div.; Output = 2V/Div. Vertical Scale: Input = 100mV/Div.; Output = 50mV/Div. 
Horizontal Scale: 2us/Div. Horizontal Scale: 2us/Div. 
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
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HA-5142, HA-5144 


Typical Performance Curves vs = +2.5V, Ta = 25°C, Unless Otherwise Specified 
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HA-5142, HA-5144 


Typical Performance Curves vg = +2.5\V, Ta = 25°C, Unless Otherwise Specified (Continued) 
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FIGURE 10. PSRR AND CMRR vs FREQUENCY 
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HA-5142, HA-5144 


Die Characteristics 


DIE DIMENSIONS: TRANSISTOR COUNT: 


104 mils x 55 mils x 19 mils 72 


2650um x 1400um x 483m SUBSTRATE POTENTIAL (Powered Up): 


METALLIZATION: \- 


Type: Al, 1% Cu 


Thickness: 16kA +2kA PROCESS: 


Bipolar/JFET Dielectric Isolation 
PASSIVATION: 


Type: Nitride (SigN4) over Silox (SiOz, 5% Phos.) 
Silox Thickness: 12kA +2 
Nitride Thickness: 3.5kA +1.5kA 


Metallization Mask Layout 
HA-5142 


V- +IN1 -IN1 OUT1 


OPERATIONAL 
AMPLIFIERS 


+IN2 -IN2 OUT2 NC V+ 
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MHARRIS HA-5147, HA-5147A 


120MHz, Ultra-Low Noise Precision 
November 1996 Operational Amplifiers 


Features Description 


¢ Slew Rate 35V/us The HA-5147 operational amplifier features an unparalleled 
; ; ; combination of precision DC and wideband high speed char- 
> 
Whee Gain Bancwichh thy 210) fe0ehZ acteristics. Utilizing the Harris D. |. technology and advanced 
Low Noise processing techniques, this unique design unites low noise 
(3nV/VHz) precision instrumentation performance with high 
speed (35V/us) wideband capability. 


This amplifiers impressive list of features include low Vos 
(10uV), wide gain bandwidth (120MHz), high open loop gain 
, ; (1800V/mV), and high CMRR (126dB). Additionally, this flex- 
App lications ible device operates over a wide supply range (+5V to +20V) 


¢ High Speed Signal Conditioners while consuming only 140mW of power. 


Wide Bandwidth Instrumentation Amplifiers Using the HA-5147 allows designers to minimize errors while 
maximizing speed and bandwidth in applications requiring 


Low Level Transducer Amplifiers gains greater than ten. 


eat ee Reve) VOREGE fom pAarehire This device is ideally suited for low level transducer signal 


Highest Quality Audio Preamplifiers amplifier circuits. Other applications which can utilize the 
HA-5147’s qualities include instrumentation amplifiers, pulse 
or RF amplifiers, audio preamplifiers, and signal conditioning 


Ordering Information circuits. Further application ideas are given in Application 
Note 553, Harris AnswerFAX (407-724-7800) document 


TEMP. #9553. 
PART NUMBER | RANGE (°C) oo . . 

aeniaae reise |SPaliale 780 This device can easily be used as a design enhancement by 
directly replacing the 725, OP25, OP06, OP07, OP27 and 
HA2-5147-5 8 Pin Metal Can OP37 where gains are greater than ten. For military grade 
HA2-5147A-2 -55 to 125 |8 Pin Metal Can product, refer to the HA-5147/883 data sheet. 
HA2-5147A-5 8 Pin Metal Can 
HA3-5147-5 8 Ld PDIP 

-55 to 125 |8Ld CERDIP 

-55 to 125 |8Ld CERDIP 
HA7-5147A-5 0 to 75 8 Ld CERDIP 


Pinouts 


Pulse/RF Amplifiers 


HA-5147, HA-5147A HA-5147, HA-5147A 
(PDIP, CERDIP) (METAL CAN) 
TOP VIEW TOP VIEW 


V - (CASE) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 
pyrig p 3-474 


File Number 2910.2 


HA-5147, HA-5147A 


Absolute Maximum Ratings Ta = 25°C 


Voltage Between V+ and V- Terminals................... +44V 
Differential Input Voltage (Note 1)....................0.. 0.7V 
CU CUNO 20s esc ceed ses veda Full Short Circuit Protection 


Operating Conditions 


Temperature Range 
HA-5147/47A-2.. 0.0. cc cece ee ne eee -55°C to 125°C 
HA-5147/47A-5. 0. cc ce cee ee eee aes 0°C to 75°C 


Thermal Information 


Thermal Resistance (Typical, Note 2) Bya (PCCW) 855 (CC/W) 


GERDIP Package 2.4454 <sscaweias 135 50 

CRN PACKSGO bac occas padesaéunews 155 67 

PRIP PECKAGO :. 0: +2545 ee teen tons 120 N/A 
Maximum Junction Temperature (Hermetic Package)........ 175°C 
Maximum Junction Temperature (Plastic Package).......... 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............ 300°C 


Die Characteristics 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. For differential input voltages greater than 0.7V, the input current must be limited to 25mA to protect the back-to-back input diodes. 


2. Qj is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +15V, C. < 50pF, Rg < 1002 


PARAMETERS TEST CONDITIONS 
INPUT CHARACTERISTICS 


Offset Voltage 


Average Offset Voltage Drift 


Bias Current 


Offset Current 


Common Mode Range 
Differential Input Resistance (Note 3) 


0.1Hz to 10Hz 


Input Noise Voltage (Note 4) 

Input Noise Voltage Density (Note 5) | f = 10Hz 

f = 100Hz 
f = 1000Hz 


Input Noise Current Density (Note 5) | f = 10Hz 


f = 100Hz 


f = 1000Hz 


VouT = £10V, Ry = 2kQ 


TRANSFER CHARACTERISTICS 


Minimum Stable Gain 


Large Signal Voltage Gain 


Common Mode Rejection Ratio 


TEMP. 
eer Yom [ove [wax | wm [re [wax | une 


25 


Full 


5 
5 
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OPERATIONAL 
AMPLIFIERS 


HA-5147, HA-5147A 


Electrical Specifications Vsyppyy = +15V, CL < 50pF, Rg < 1002 (Continued) 


HA-5147 HA-5147A 
TEMP. 
ee) [wm [rer [wax | wn [ve [war | vs 
am Oe 


120 120 MHz 


PARAMETERS TEST CONDITIONS 


f = 10kHz 
f = 1MHz 


Gain-Bandwidth-Product 


—_ 


oo 
oa) 


OUTPUT CHARACTERISTICS 


Output Voltage Swing R, = 6002 +10.0 | 11.5 £10.0 1 211.5 
Ry = 2kQ Full +11.4 | +13.5 £11.7 1 213.8 


Full Power Bandwidth (Note 6) es i 
Output Resistance Open Loop 


TRANSIENT RESPONSE (Note 7) 


—s 
on) 
oO 


tt ; 
BS 
on 
N MN 
= 
” 


— 
D> IS 
on ol 


Rise Time 


Slew Rate Vout = +38V 


POWER SUPPLY CHARACTERISTICS 


ed i) ~ 

fo) on oO : 
ie) ie) 

(o) oi 


Supply Current 


wo 
wo 


- 
Power Supply Rejection Ratio Vs = +4V to +18V = 


NOTES: 
3. This parameter value is based upon design calculations. 


4. Refer to Typical Performance section of the data sheet. 
5. The limits for this parameter are guaranteed based on lab characterization, and reflect lot-to-lot variation. 


6. Full power bandwidth guaranteed based on slew rate measurement using: FPBW = Slew Rate . 
7. Refer to Test Circuits section of the data sheet. PEAK 
8. Settling time is specified to 0.1% of final value for a 10V output step and Ay = -10. 
Test Circuits and Waveforms 
0 OUT 


FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 
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HA-5147, HA-5147A 


Test Circuits and Waveforms (continued) 


OUT # OUT 
Vertical Scale: Input = 0.5V/Div. Vertical Scale: Input = 10mV/Div. 
Output = 5V/Div. Output = 100mV/Div. 
Horizontal Scale: 500ns/Div. Horizontal Scale: 100ns/Div. 
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
| 
q YW) 
zac 
O Ww 
= 
5 +15V q 
5S 
2N4416 OW 
O = § 


TO 


5000 OSCILLOSCOPE 


© Vout NOTES: 
9. Ay =-10. 


10. Feedback and summing resistors should be 0.1% 
matched. 


11. Clipping diodes are optional. HP5082-2810 recommended. 


Vin © 


2kQ 


FIGURE 2. SETTLING TIME TEST CIRCUIT 
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8LP-E 


Schematic Diagram 
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HA-5147, HA-5147A 


Application Information 


NOTE: Tested Offset Adjustment 
Range is |Vos +1mVI minimum re- 
ferred to output. Typical range is +4mV 
with Rp = 10kQ. 


FIGURE 3. SUGGESTED OFFSET VOLTAGE ADJUSTMENT 


Cs 
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N re =e 
Re Zo 
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R3 oer 
of 

o 
\/ om 


NOTE: Low resistances are preferred for low noise applications as a 1kQ resistor has 4nV/VHz of thermal noise. Total resistances of greater 
than 10kQ on either input can reduce stability. ln most high resistance applications, a few picofarads of capacitance across the feedback re- 
sistor will improve stability. 


FIGURE 4. SUGGESTED STABILITY CIRCUITS 


Typical Performance Curves Ta = 25°C, Vsuppty = +15V, Unless Otherwise Specified 
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HA-5147, HA-5147A 


Typical Performance Curves 1, = 25°C, Vsupp.y = +15V, Unless Otherwise Specified (Continued) 
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FIGURE 8. CMRR vs FREQUENCY 
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FIGURE 12. NORMALIZED SLEW RATE vs TEMPERATURE 
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HA-5147, HA-5147A 


Typical Performance Curves Ta = 25°C, Vsyppty = +15V, Unless Otherwise Specified (Continued) 


R= 2K, C, = 50pF, Ta = 25°C 


SUPPLY CURRENT (mA) 
OUTPUT VOLTAGE (Vp.p) 


TEMPERATURE (°C) FREQUENCY (MHz) 


FIGURE 13. SUPPLY CURRENT vs TEMPERATURE FIGURE 14. Voyt MAX (UNDISTORTED SINEWAVE OUTPUT) 
vs FREQUENCY 
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OPERATIONAL 
AMPLIFIERS 


GAIN (dB) 
NO 
f=) 


90 


PHASE (DEGREES) 
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Ac = 25,000V/V: Ey = 0.08uVp.p AT! 
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FIGURE 15. CLOSED LOOP GAIN AND PHASE vs FREQUENCY —FIGURE 16. PEAK-TO-PEAK NOISE VOLTAGE (0.1Hz TO 10Hz) 
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MHARRIS HA-5160, HA-5162 


100MHz, JFET Input, High Slew Rate, 
November 1996 Uncompensated, Operational Amplifiers 


Features Description 


e Wide Gain Bandwidth (Ay > 10) The HA-5160 is a wideband, uncompensated, operational 

; amplifier with FET/Bipolar technologies and Dielectric 

* High Slew Rate Isolation. This monolithic amplifier features superior high 

Settling Time frequency capabilities further enhanced by precision laser 

trimming of the input stage to provide excellent input 

Power Bandwidth ; characteristics. This device has excellent phase margin at a 
Offset Voltage closed loop gain of 10 without external compensation. 


The HA-5160/5162 offers a number of important advantages 
over similar FET input op amps from other manufacturers. In 
addition to superior bandwidth and settling characteristics, 
Applications the Harris devices have nearly . constant slew rate, 

bandwidth, and settling characteristics over the operating 
e Video and RF Amplifiers temperature range. This provides the user predictable 
performance in applications where settling time, full power 
bandwidth, closed loop bandwidth, or phase shift is critical. 
¢ Pulse Amplifiers Note also that Harris specified all parameters at ambient 

(rather than junction) temperature to provide the designer 
¢ Precision Signal Generation meaningful data to predict actual operating performance. 


Bias Current 


¢ Data Acquisition 


Ordering Information Complementing the HA-5160/5162’s predictable and excellent 
dynamic characteristics are very low input offset voltage, very 


TEMP. low input bias current, and a very high input impedance. This 
PART NUMBER | RANGE (°C) ideal combination of features make these amplifiers most 


suitable for precision, high speed, data acquisition system 
HA2-5160-2 8 Pin Metal Can designs and for a wide variety of signal conditioning 


HA2-5160-5 8 Pin Metal Can applications. The HA-5160 provides excellent performance for 
applications which require both precision and high speed 
HA2-5162-5 8 Pin Metal Can performance. The HA-5162 meets or exceeds the performance 


specifications of National’s hybrid op amp, the LHO062. 


Military version (/883) data sheets are available upon 
request. 


Pinout 


HA-5160/5162 
(METAL CAN) 
TOP VIEW 


COMPENSATION 


NOTE: Case connected to V-. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 291 1 i, 
Copyright © Harris Corporation 1996 3-482 


HA-5160, HA-5162 


Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- 0.2... cece ce eee eee ee 40V_ Thermal Resistance (Typical, Note 1) 8ya (CCIW) Byc (CCW) 
DINerental INPUL VOUBOG, «vic ccccstccescaccacsareraeden 40V Metal Can Package............... 155 67 
Peak Output Current............... Full Short Circuit Protection | Maximum Junction Temperature..................0000ee 175°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 

Operating conditions Maximum Lead Temperature (Soldering 10s)............ 300°C 
Temperature Ranges ‘ _ 

HA-S160-2. ., i re 55°C to 125°c Die Characteristics 

HA-5160-5, HA-5162-5.... 0... 0. ccc cence eee 0°C to 75°C ~=Number of Transistors... ........00. ccc cece e eee eee eens 82 
Supply Voltage Range (Typical) .................. +7V to+18V Substrate Potential (Powered Up)..................... Floating 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsypp;y = +15V, Unless Otherwise Specified 


HA-5160-2 HA-5160-5 HA-5162-5 
-55°C to 125°C 0°C to 75°C 0°C to 75°C 


YP 


PARAMETER 
INPUT CHARACTERISTICS 
Offset Voltage 
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Common Mode Range 
TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain Vout = +10V, 


Ry = 2kQ 


Common Mode Rejection Ratio | Vcy=+10V Full 


OUTPUT CHARACTERISTICS 


Output Voltage Swing Ry = 2kQ 


Output Current VouT = +10V 25 
Output Short Circuit Current | Ul 2 


5 

Full Power Bandwidth (Note 2) Vout = +10V, 25 
Ry = 2kQ 
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TRANSIENT RESPONSE (Note 3) 
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Settling Time (Note 4) 
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OPERATIONAL 


AMPLIFIERS 


HA-5160, HA-5162 


Electrical Specifications Vsypp y = +15V, Unless Otherwise Specified (Continued) 


HA-5160-2 HA-5160-5 
_&5O re) ° re) 
TEMp.| “30°C to 125°C 0°C to 75°C 
PARAMETER TEST CONDITIONS| (°C) 


POWER SUPPLY CHARACTERISTICS 


Power Supply Rejection Ratio Vs =+10V to +20V 


2. Full Power Bandwidth guaranteed, based on slew rate measurement using: FPBW = Biew Bate ; 
3. Refer to Test circuits section of the data sheet. PEAK 


4. Settling Time is measured to 0.2% of final value for a 10V output step. 


Test Circuits and Waveforms 


(NOTE 7) 


, 10 
OSCILLOSCOPE 


0 OUT 


NOTES: _ 
5. Ay =-10. 
6. Feedback and summing resistors should be 0.1% matched. 
7. Clipping diodes are optional. HP5082-2810 recommended. 


FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT FIGURE 2. SETTLING TIME TEST CIRCUIT 


ovuret + | | ¢ ft | | 


me EE 


Vertical Scale: A = 0.5V/Div., B = 5V/Div. Vertical Scale: A = 10mV/Div., B = 100mV/Div. 
Horizontal Scale: 500ns/Div. Horizontal Scale: 100ns/Div. 


LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
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HA-5160, HA-5162 
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Schematic Diagram 
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OPERATIONAL 
AMPLIFIERS 


Qn38 Qn36 
R3 R4 V- 
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HA-5160, HA-5162 


Application Information 
Power Supply Decoupling 


Although not absolutely necessary, it is recommended that 
all power supply lines be decoupled with 0.01pF ceramic 
capacitors to ground. Decoupling capacitors should be 
located as near to the amplifier terminals as possible. 


Stability 


The phase margin of the HA-5160/5162 will be improved by 
connecting a small capacitor (>10pF) between the output 


Typical Applications 


and the inverting input of the device This small capacitor 
compensates for the input capacitance of the FET. 


Capacitive Loads 


When driving large capacitive loads (>100pF), it is sug- 
gested that a small resistor (~100Q) be connected in series 
with the output of the device and inside the feedback loop. 


Power Supply Minimum 


The absolute supply minimum is +6V and the safe level is +7V. 


SUGGESTED COMPENSATION FOR UNITY GAIN STABILITY (NOTE) 


2kQ 


2102 


FIGURE 3A. INVERTING UNITY GAIN CIRCUIT 


OUTPUT 


| | | et | 
ee 


Vertical Scale: 2V/Div. 
Horizontal Scale: 500ns/Div. 


FIGURE 3B. INVERTING UNITY GAIN PULSE RESPONSE 


FIGURE 3. GAIN OF -1 


> OUT 


ERE 
IMT Te Tt 
itt | | ge 


OUTPUT 


Vertical Scale: 2V/Div. 
Horizontal Scale: 500ns/Div. 


NOTE: Values were determined experimentally for optimum speed and settling time. 


FIGURE 4A. NONINVERTING UNITY GAIN CIRCUIT 


FIGURE 4B. NONINVERTING UNITY GAIN PULSE RESPONSE 


FIGURE 4. GAIN OF +1 
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HA-5160, HA-5162 


Typical Performance Curves 


BIAS CURRENT (pA) 
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Steer 40e8 fee ee 


OFFSET VOLTAGE (mV) 
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FIGURE 5. INPUT OFFSET VOLTAGE AND BIAS CURRENT vs 
TEMPERATURE 


OUTPUT VOLTAGE SWING (Vp.p) 


FREQUENCY (Hz) 


FIGURE 7. OUTPUT VOLTAGE SWING vs FREQUENCY 


INPUT NOISE VOLTAGE (nV/VHz) 
INPUT NOISE CURRENT (pA/VHz) 


FREQUENCY (Hz) 


FIGURE 9. INPUT NOISE VOLTAGE AND NOISE CURRENT vs 
FREQUENCY 


OPEN LOOP VOLTAGE GAIN (dB) 
PHASE (DEGREES) 


FREQUENCY (Hz) 
FIGURE 6. OPEN LOOP FREQUENCY RESPONSE 


OPEN LOOP VOLTAGE GAIN (dB) 
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FIGURE 8. OPEN LOOP FREQUENCY RESPONSE FOR 
VARIOUS COMPENSATION CAPACITANCES 
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NORMALIZED PARAMETERS 
REFERRED TO VALUES AT 25°C 
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FIGURE 10. NORMALIZED AC PARAMETERS vs TEMPERATURE 
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HA-5160, HA-5162 


+10 
5 4 


Typical Performance Curves (continued) 
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OUTPUT VOLTAGE SWING (V) 
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FIGURE 11. OUTPUT VOLTAGE SWING vs LOAD RESISTANCE FIGURE 12. SETTLING TIME FOR VARIOUS OUTPUT STEP 
VOLTAGES 


COMMON MODE REJECTION RATIO (dB) 
PWOER SUPPLY REJECTION RATIO (dB) 


1 10 100 1K 10K 100K 1M 1 10 100 1K 10K 100K 1M 
FREQUENCY (Hz) FREQUENCY (Hz) 


FIGURE 13. COMMON MODE REJECTION RATIO vs FREQUENCY FIGURE 14. POWER SUPPLY REJECTION RATIO vs FREQUENCY 


VsupPLy = +15V 


VsuppLy = +10V 
VsupPLy = +7V 


SUPPLY CURRENT (mA) 
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FIGURE 15. POWER SUPPLY CURRENT vs TEMPERATURE 
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MARS HA-5170 


8MHz, Precision, JFET Input 


aD 


November 1996 Operational Amplifier 
Features Description 
© Low Offset VONAGE. .sncccvececsncuvsneecwns 100LV = The Harris HA-5170 is a precision, JFET input, operational 
° Low Offset Voltage Drift ................... 2uVv/°C amplifier which features low noise, low offset voltage and low 
9 offset voltage drift. Constructed using FET/Bipolar 
e Low Noise........... esse cece cece eeees 10nV/./Hz technology, the Harris Dielectric Isolation (DI) process, and 
e High Open Loop Gain ................005 600kV/V _ laser trimming this amplifier offers low input bias and offset 
© Wide Bandwidth oo ooo oon ccccccccccnccccn. 8MHz currents. This operational amplifier design also completely 


eliminates the troublesome errors due to warm-up drift. 
e Unity Gain Stable _ 
Complementing these excellent input characteristics are 


A pplications dynamic performance characteristics never before available 

from precision operational amplifiers. An 8V/us slew rate and 
¢ High Gain Instrumentation Amplifiers 8MHz bandwidth allow the designer to extend precision 
e Precision Data Acquisition instrumentation applications in both speed and bandwidth. 


These characteristics make the HA-5170 well suited for 


abl sean allies precision integrator amplifier designs. 


e Precision Threshold Detectors 


. . . . 7 a | 
e For Further Design Ideas, Refer to Application Note 540 ihe anaes on aes — wee nie Tas pa qt” 
ideally suited for transducer signal amplifiers, precision = + 
Ordering Information voltage followers and precision data acquisition systems. For = = 
application assistance, please refer to Application Note q 

NGE (°C o. 
eee re (*) Military version (-8) product and data sheets available upon re) < 


request. 


Pinouts 
HA-5170 HA-5170 
(CERDIP) (METAL CAN) 
TOP VIEW TOP VIEW 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 291 22 
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HA-5170 


Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- Terminals...............00005 44V Thermal Resistance (Typical, Note 1) Bya (CCIW) yc (CCW) 
Differearitial (put VONAGS. ... cnc seer caves tna esewense eens 30V GEMDIP PAGKAGS wees exe cawe owns 135 50 
Output Short Circuit Duration... .. 62.56 sccsecccesaenss Indefinite Metal Can Package............... 155 67 
Maximum Junction Temperature... 2.0... .0 0.00 ee eae 175°C 
Operating Conditions Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............ 300°C 
Temperature Range 
ot a ee. ne ee -55°C to 125°C 
Pca a: es coe nr ae eer eee 0°C to 75°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. Oya is Measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsypp,y = +15V, Unless Otherwise Specified 


HA-5170-2 HA-5170-5 
-55°C to 125°C 0°C to 75°C 
TEST 
PARAMETER CONDITIONS 


INPUT CHARACTERISTICS 
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Differential Input Resistance (Note 3) 
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Input Capacitance (Single Ended) 
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HA-5170 


Electrical Specifications Vs.ppyy = +15V, Unless Otherwise Specified (Continued) 


-55°C to 125°C 0°C to 75°C 
TEST TEMP. 
PARAMETER conpirions | (°c) | min ] tye | max| MIN | TYP | MAX | UNITS 


TRANSFER CHARACTERISTICS 

=[=[=[-[=[=] [= 
Oe ee 
fommormne vorew fart |||», =] |= 
fwmmomoem | =p | -f-t+]-]—]™ 
ee 


OUTPUT CHARACTERISTICS 

5 
=[efe[-[=[@|— [we 
=f [es [ ee fe [| fo 
=[-Lefel- [ste fe 


Large Signal Voltage Gain 


< 
O 
= 
4 
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Output Voltage Swing Ry = 2kQ 


Full Power Bandwidth (Note 4) Ry = 2kQ 


Output Current (Note 5) =t10V 


Output Resistance (Note 3) Open Loop, 100Hz 


TRANSIENT RESPONSE 


OPERATIONAL 
AMPLIFIERS 


Rise Time 45 10 100 


2 
Slew Rate | 2 V/us 


Bi 
jefe 
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Settling Time (Notes 3, 7) 


POWER SUPPLY CHARACTERISTICS 


Supply Current Full 
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Power Supply Rejection Ratio (Note 8) Full 85 105 


—s 
oO 5 
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NOTES: 
2. See “Test Circuits and Waveforms” section. 


. Parameter is not 100% tested. 90% of all units meet or exceed these specifications. 
Slew Rate 


. Full power bandwidth guaranteed based on slew rate measurement using: FPBW = , 
enV PEAK 


. Ig¢ turns on at = 23mA. 
. Settling time is measured to 0.1% of final value for a 10V output step and Ay = -1. 
. V+ = +15V, V- = -10V to -20V and V- = -15V, V+ = +10V to +20V. 
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HA-5170 


Test Circuits and Waveforms 


OUT OUT 
2kQ t 
Tested Offset Adjustment Range is [Vos + 1mVI minimum referred to 
output. Typical range is +5mV with Ry = 1kQ and +15mV with 
Ry = 100kQ. 
FIGURE 1. Vog ADJUSTMENT FIGURE 2. LARGE AND SMALL SIGNAL RESPONSE CIRCUIT 
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Vertical Scale: 5V/Div. Vertical Scale: 10mV/Div. 
Horizontal Scale: 1ps/Div. Horizontal Scale: 100ns/Div. 
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
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Lae dal mer 


ial 


2.5MQ 


=10Hz FILTER 
Ay = 25,000 


Vertical Scale: 200nV/Div. (Noise Referred to Input) 
5mV/Div. at Output, AVCL = 25,000 
Horizontal Scale: 1s/Div. 


FIGURE 3. LOW FREQUENCY NOISE TEST CIRCUIT 
HA-5170 LOW FREQUENCY NOISE (0.1Hz TO 10Hz) 
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Schematic Diagram 
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HA-5170 


Typical Performance Curves 
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FIGURE 4. INPUT NOISE vs FREQUENCY FIGURE 5. OFFSET VOLTAGE DRIFT vs TEMPERATURE OF 


REPRESENTATIVE UNITS 


OUTPUT VOLTAGE STEP (V) 
IBias (NA) 


-50 -25 i) 25 50 75 100 125 
SETTLING TIME (us) TEMPERATURE (°C) 
FIGURE 6. SETTLING TIME FOR VARIOUS OUTPUT STEP FIGURE 7. BIAS CURRENT vs TEMPERATURE 
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FIGURE 8. POWER SUPPLY CURRENT vs SUPPLY VOLTAGE FIGURE 9. NORMALIZED AC PARAMETERS vs TEMPERATURE 
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HA-5170 


Typical Performance Curves (continued) 
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FIGURE 10. POWER SUPPLY REJECTION RATIO vs FREQUENCY 
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FIGURE 14. NORMALIZED AC PARAMETERS vs SUPPLY 
VOLTAGE 
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FIGURE 11. COMMON MODE REJECTION RATIO vs FREQUENCY 
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FIGURE 13. OUTPUT VOLTAGE SWING vs FREQUENCY AND 
SUPPLY VOLTAGE 
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FIGURE 15. MAXIMUM OUTPUT VOLTAGE SWING vs LOAD 
RESISTANCE 
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HA-5170 


Typical Performance Curves (Continued) 
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FIGURE 16. OPEN LOOP FREQUENCY RESPONSE 
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FIGURE 17. CLOSED LOOP FREQUENCY RESPONSE FOR 
VARIOUS CLOSED LOOP GAINS 
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HA-5177 


| 2MHz, Ultra-Low 
November | Offset Voltage Operational Amplifier 


Description 


e Low Offset Voltage............ ccc cece eens 20uV The HA-5177 is an all bipolar, precision operational 

; amplifier, utilizing Harris dielectric isolation and advance 

¢ Low Offset Voltage Drift ................. 0.2uv/°C processing techniques. This design features a combination 

¢ High Voltage Gain ............0..eecseeeees 150dB © Precision input characteristics, wide bandwidth (2MHz) 
and high speed (0.8V/us). 


© PUGH Cis ax40e6 0 soo es chee ee tan eee Beco 140dB 
'g The HA-5177 uses advanced matching techniques and laser 


* HIGh PSHA sccwee essence cwessaswesaswew ces 135dB trimming to produce low offset voltage (20uV) and low offset 
voltage drift (0.2uV/°C). This design also features low 


* LOW NGS6. ocaceadevacesndecssonstness 9.0nV/VHz voltage noise (9.0nV/VHz), low current noise (1.2pA/VHz), 
¢ Low Power Consumption ............. 51mW (Max) "anoamp input currents, and 120dB minimum gain. 

: ; These outstanding features along with high CMRR (140dB) 
Applications and high PSRR (135dB) make this unity gain stable amplifier 


ideal for high resolution data acquisition systems, precision 


* High Gain Instrumentation Amplifiers integrators, and low level transducer amplifiers. 


wal 
ici qn” 
* Precision Control Systems The HA-5177 can be used as a direct replacement for the = c 
slew rate. See the HA-5177/883 data sheet for military grade or 
¢ High Resolution Data Converters parts and LCC package. Harris AnswerFAX (407-724-7800) o = 
Document #37393. a. 
e Precision Threshold Detectors ais re) = 
¢ Low Level Transducer Amplifiers 
Ordering Information 
TEMP. 
PART NUMBER | RANGE (°C) 
Pinout 
HA-5177 
(PDIP, CERDIP) 
TOP VIEW 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 291 3.2 
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@ HARRIS HA-5190, HA-5195 


150MHz, Fast Settling 


Operational Amplifiers 
November 1996 


Features Description 


Fast Settling Time (0.1%) HA-5190/5195 are operational amplifiers featuring a 
Very High Slew Rate 200V/ius combination of speed, precision, and bandwidth. Employing 
monolithic bipolar construction coupled with Dielectric 
Wide Gain-Bandwidth (Ay > 5) 150MHz |solation, these devices are capable of delivering 200V/us 
Full Power Bandwidth : slew rate with a settling time of 70ns (0.1%, 5V output step). 
These truly differential amplifiers are designed to operate at 
gains > 5 without the need for external compensation. Other 
Input Noise Voltage outstanding HA-5190/5195 features are 150MHz gain 
Bipolar D.I. Construction bandwidth product and 6.5MHz full power bandwidth. In 
addition to these dynamic characteristics, these amplifiers 
Applications also have excellent input characteristics such as 3mV offset 
voltage and 6.0nV/VHz input voltage noise at 1kHz. 


Low Offset Voltage 


e Fast, Precise D/A Converters 
With 200V/us slew rate and 70ns settling time, these devices 
_ make ideal output amplifiers for accurate, high speed D/A 
* Pulse and Video Amplifiers converters or the main components in high speed 
¢ Wideband Amplifiers sample/hold circuits. The 5190/5195 are also ideally suited 

; . for a variety of pulse and wideband video amplifiers. Please 
Ordering Information refer to Application Notes AN525 and AN526 for some of 

these application designs. 


TEMP. 
PART NUMBER | RANGE (°C) pee i | At temperatures above 75°C a heat sink is required for the 


HA1-5190-2 55to 125 114 Ld CERDIP F143 HA-5190 (see Note 2 and Application Note AN556). For mili- 
tary versions, please request the HA-5190/883 data sheet. 

HA1-5195-5 14 Ld CERDIP 

HA2-5190-2 -55 to 125 |12 Pin Metal Can |7T12.C 


¢ High Speed Sample-Hold Circuits 


HA2-5195-5 0 to 75 12 Pin Metal Can |7T12.C 
HA9P5195-5 0 to 75 14 Ld SOIC M14.15 


Pinout 


HA-5190/5195 HA-5195 HA-5190/5195 
(CERDIP) (SOIC) (METAL CAN) 
TOP VIEW TOP VIEW TOP VIEW 


NOTE: Case Tied To V-. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 


File Number 2914.2 


HA-5190, HA-5195 


Absolute Maximum Ratings § Ty, = 25°C Thermal Information 
Supply Voltage (V+ to V-). 0.0... cee cee eee 35V Thermal Resistance (Typical, Note 2) Oya (CCW) 8c (PCCW) 
Differential INPUT VOUAGS: cisco ccs ceca ccnndtwunne seamenees 6V CERDIP Package .................. 15 20 
OUGot CU 2c ise ack sei eousenvnenvewsvenne® 50mA (Peak) Metal Can Package................. 65 34 
SOIC PACKAQS . 54 sss cece wunsas pew an 119 N/A 
Operating Conditions Maximum Junction Temperature (Hermetic Package, Note 1) . . 175°C 
. fine fi Maximum Junction Temperature (Plastic Package, Note 1) . . 150°C 
pipes aye 55°C to 125°C Maximum Storage Temperature Range ......... -65°C to 150°C 
Hi De tastecinwereieicencaatesti-can ORG: et seers eter ee Mel einneorecioe = 


(SOIC Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. Heat sinking may be required, especially at Ta > 75°C. 
2. Oya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsypp,y = +15V, Unless Otherwise Specified 


TEST | HASI90-2 [| HAS195-5 
raneren | conan | rw ce [mae [ma wT [we] wre 


INPUT CHARACTERISTICS 
Offset Voltage 


Average Offset Voltage Drift 
Bias Current 


—_— ne 


+e) 


Input Resistance 
Input Capacitance 
Common Mode Range 


Input Noise Current f = 1kHz, Rg = 0Q 2 
Input Noise Voltage f = 1kHz, Rg = 0Q 25 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain (Note 3) a 


Common Mode Rejection Ratio AVcom = +5V 


Gain-Bandwidth-Product 

OUTPUT CHARACTERISTICS 
Output Voltage Swing (Note 3) 
Output Current (Note 3) 

Output Resistance 

Full Power Bandwidth (Notes 3, 4) 
TRANSIENT RESPONSE (Note 5) 
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Settling Time (Note 5) 
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AMPLIFIERS 


HA-5190, HA-5195 


Electrical Specifications Vsyppyy = +15V, Unless Otherwise Specified (Continued) 


TEST | HASI90-2 | HAS1955 
rence [mY Tm [OE] re 


POWER SUPPLY CHARACTERISTICS 


[POWER SUPPLY CHARACTERISTICS ——SSOSCSCSCSSCSCSCSCSC“CS*~SCSCSCSC~*S 
[Supyowent SdSCSCSC~C~—CSCS Sd Cd dT 
[Power Supply Relecton Rato | aVg=stovexaw | ru fmf] -,fo]o] | 


NOTES: 
3. Ry = 200Q, C, < 10pF, Vout = +5V. 


4. Full power bandwidth guaranteed based on slew rate measurement using: FPBW = Siew Rare 
5. Refer to Test Circuits section of the data sheet. PEAK 
Test Circuits and Waveforms 
NOTES: 
6. Ay =5. 
7. Cy < 10pF. 


VouT 
= ii ak at 
awe] | | = | tT 
vin Pt tt eT et |] 
. CTT rs Tr 
Vertical Scale: Vij = 2.0V/Div., Vout = 4.0/Div. Vertical Scale: Vix, = 50mV/Div., Voyt = 100mV/Div. 
Horizontal Scale: 100ns/Div. Horizontal Scale: 100ns/Div 
LARGE SIGNAL RESPONSE SMALL SIGNAL RESPONSE 
v4 0.001,F 
NOTES: 
8. Ay =-5. 
IN ¢ 9, Load Capacitance should be less than 10pF. 


10. Itis recommended that resistors be carbon composition and that 
feedback and summing network ratios be matched to 0.1%. 


. Settle Point (Summing Node) capacitance should be less than 
10pF. For optimum settling time results, it is recommended that 
the test circuit be constructed directly onto the device pins. A 
Tektronix 568 Sampling Oscilloscope with S-3A sampling heads 
is recommended as a settle point monitor. 


1 


—s 


SETTLE . 
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FIGURE 2. SETTLING TIME TEST CIRCUIT 
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HA-5190, HA-5195 


Schematic Diagram 
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Application Information 


Power Supply Decoupling 


Although not absolutely necessary, it is recommended that 
all power supply lines be decoupled with 0.01uF ceramic 
capacitors to ground. Decoupling capacitors should be 
located as near to the amplifier terminals as possible. 


Stability Considerations 


HA-5190/5195 is stable at gains > 5. Gains < 5 are covered 
below. Feedback resistors should be of carbon composition 
located as near to the input terminals as possible. 


Wiring Considerations 


Video pulse circuits should be built on a ground plane. Mini- 
mum point to point connections directly to the amplifier 
terminals should be used. When ground planes cannot be 
used, good single point grounding techniques should be 
applied. 


Output Short Circuit 


HA-5190/5195 does not have output short circuit protection. 
Short circuits to ground can be tolerated for approximately 
10 seconds. Short circuits to either supply will result in 
immediate destruction of the device. 


Heavy Capacitive Loads 


When driving heavy capacitive loads (>100pF) a small resis- 
tor (100Q) should be connected in series with the output and 
inside the feedback loop. 
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Typical Applications (Also see Application Notes AN525 and AN526) 


11pF 
(NOTE) 


OUTPUT 


HE = 


Vertical Scale: 2V/Div. Vertical Scale: 2V/Div. 
Horizontal Scale: 100ns/Div. Horizontal Scale: 100ns/Div 


oesel 
OCCT Oe 


NOTE: Values were determined experimentally for optimum speed and settling time. Re and C; should be optimized for each 
particular application to ensure best overall frequency response. 
FIGURE 3. SUGGESTED COMPENSATION FOR NONINVERTING UNITY GAIN AMPLIFIER 
1kQ 
1kQ 
IN 
OUT 
2002 


Vertical Scale: 2V/Div. 
Horizontal Scale: 50ns/Div. 


FIGURE 4. SUGGESTED COMPENSATION FOR INVERTING UNITY GAIN AMPLIFIER 


FIGURE 5. VIDEO PULSE AMPLIFIER/75Q COAXIAL DRIVER 


FIGURE 6. VIDEO PULSE AMPLIFIER COAXIAL LINE DRIVER 
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Typical Performance Curves vg = +15V, Ts = 25°C, Unless Otherwise Specified 
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Typical Performance Curves \sz= +15V, Ta = 25°C, Unless Otherwise Specified (Continued) 
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Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered Up): 
54 mils x 88 mils x 19 mils \- 
een < cee 2 eeapm TRANSISTOR COUNT: 
METALLIZATION: ‘s 
. ° 
Type: Al, 1% Cu PROCESS: 


Thickness: 16kA +2kA 
PASSIVATION: 


Type: Nitride (SigN4) over Silox (SiOz, 5% Phos.) 
Silox Thickness: 12kA i 
Nitride Thickness: 3.5kA +1 5kA 


Bipolar Dielectric Isolation 


Metallization Mask Layout 
HA-5190 


OUTPUT 


S3=-71A 91 - 
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Features 
e Gain Bandwidth Product 
Unity Gain Bandwidth 
Slew Rate 
Low Offset Voltage 
High Open Loop Gain 
Channel Separation at 10kHz 
Low Noise Voltage at 1kHz 
High Output Current 
Low Supply Current per Amplifier 


Applications 

e Precision Test Systems 

¢ Active Filtering 

¢ Small Signal Video 

¢ Accurate Signal Processing 


e RF Signal Conditioning 


Pinouts 


HA-5221 HA-5221 
(PDIP, CERDIP, SOIC) (METAL CAN) 
TOP VIEW TOP VIEW 


8) +BAL 


V+ 
16] OUT 
15) NC 


HA-5222 (PDIP, SOIC) 
TOP VIEW TOP VIEW 


HA-5222 (CERDIP) 


HA-5221, HA-5222 


100MHz, Single and Dual Low Noise, 
Precision Operational Amplifiers 


Description 


The HA-5221/5222 are single and dual high performance 
dielectrically isolated, op amps, featuring precision DC 
characteristics while providing excellent AC characteristics. 
Designed for audio, video, and other demanding applications, 
noise (3.4nV/VHz at 1kHz), total harmonic distortion 
(<0.005%), and DC errors are kept to a minimum. 


The precision performance is shown by low offset voltage 
(0.3mV), low bias currents (40nA), low offset currents 
(15nA), and high open loop gain (128dB). The combination 
of these excellent DC characteristics with the fast settling 
time (0.4us) make the HA-5221/5222 ideally suited for 
precision signal conditioning. 


The unique design of the HA-5221/5222 gives them 
outstanding AC characteristics not normally associated with 
precision op amps, high unity gain bandwidth (85MHz) and 
high slew rate (25V/us). Other key specifications include high 
CMRR (95dB) and high PSRR (100dB). The combination of 
these specifications will allow the HA-5221/5222 to be used in 
RF signal conditioning as well as video amplifiers. 


For MIL-STD-883C compliant product and Ceramic LCC pack- 
aging, consult the HA-5221/5222/883C data sheet. Harris 
AnswerFAX (407-724-7800) Document #3716. 


Ordering Information 


PART NUMBER TEMP. 
(BRAND) RANGE (°C) 


H52215) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 291 5 2 


Copyright © Harris Corporation 1996 
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Absolute Maximum Ratings 


Thermal Information 


Supply Voltage Between V+ and V- Terminals.............. 35V ‘Thermal Resistance (Typical, Note 2) Oya (CCIW) ®8yc (°C/W) 
Differential Input Voltage (Note 1)........... 0.0.00. e eee 5V Metal Can Package................. 165 80 
Output Current Short Circuit Duration ................ Indefinite CERDIP Package (HA7-5221)......... 135 50 
CERDIP Package (HA7-5222)......... 115 30 
Operating Conditions 8 Ld PDIP Package................. 92 N/A 
8 Ld SOIC Package: c2s66ssccceeavas 187 N/A 
Tp eala Fangs 5 5 16Ld PDIP Package ................ 85 N/A 
HAeG221/52229 2.0 cr vec ren en ie een ana eee oe -40°C to 85°C 16 Ld SOIC Package 95 N/A 

HAGO2TSR2OS occ ccc ctsxengasva¥eaageanes 0°C to 75°C ; ae se 0 

Maximum Junction Temperature (Hermetic Package) ........ 175°C 

Maximum Junction Temperature (Plastic Package) ........ 150°C 

Maximum Storage Temperature Range ......... -65°C to 150°C 

Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. Input is protected by back-to-back zener diodes. See applications section. 
2. Oj is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +15V, Unless Otherwise Specified 
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INPUT CHARACTERISTICS 


TEST CONDITIONS 
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Electrical Specifications —Vsyppyy = +15V, Unless Otherwise Specified (Continued) 


TEMP. 
eer [om [ee [max [wn [ve [wax] uns 
TRANSFER CHARACTERISTICS 


Pref wo [m= | pole] = 
5 95 


PARAMETER TEST CONDITIONS 


Gain Bandwidth Product 


fiomnsmowson | fr «|-{-|+{-|-|w_ 
OUTPUT CHARACTERISTICS 
C= [ae [oes | [oe ees] 
Cea fons [oer [fovea] vy _ 


V 
Full mA 


25 


Channel Separation Note 7 


TRANSIENT RESPONSE (Note 11) 


Settling Time (Note 10) 25 
: 


Vg = +10V to +20V Full 


3. Refer to typical performance curve in data sheet. 
4. Avo = 10, fo = 1KHz, Vo = 5Vams, Ry = 6002, 10Hz to 100kHz, Minimum resolution of test equipment is 0.005%. 
5. Vout = 0 to +10V, Ry = 1kQ, C, = 50pF. 

6. Full Power Bandwidth is calculated by: FPBW = 


POWER SUPPLY 


Slew Rate 


JV = 10V. 
2nVpEAK PEAK 


N 


. HA-5222 only, f = 10kHz, Ry = 1kQ, C, = 50pF. 
8. Vout = +2.5V, Ry = 1kQ, Cy = 50pF. 
9. Vout = +100mV, R, = 1kQ, Cy = 50pF. 
10. Settling time is specified for a 10V step and Ay = -1: 
11. See Test Circuits. 
12. Guaranteed by characterization. 
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Test Circuits and Waveforms 


Vu Vout 


“Ty 50pF 


FIGURE 1. TRANSIENT RESPONSE TEST CIRCUIT 
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-2.5V  "sendee at ease ea . 
VouT = 2.5V Vout = +100mV 
Vertical Scale = 2V/Div., Vertical Scale = 100mV/Div., 
Horizontal Scale = 200ns/Div. Horizontal Scale = 200ns/Div. 
FIGURE 2. LARGE SIGNAL RESPONSE FIGURE 3. SMALL SIGNAL RESPONSE 
13. AV=- 


14. Feedback and summing resistors must be matched (0.1%). 
15. HP5082-2810 clipping diodes recommended. 
16. Tektronix P6201 FET probe used at settling point. 


FIGURE 4. SETTLING TIME TEST CIRCUIT 
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Schematic Diagram 
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Application Information 


Operation at Various Supply Voltages 


The HA-5221/5222 operates over a wide range of supply 
voltages with little variation in performance. The supplies 
may be varied from +5V to +15V. See typical performance 
curves for variations in supply current, slew rate and output 
voltage swing. 


Offset Adjustment 


The following diagram shows the offset voltage adjustment 
configuration for the HA-5221. By moving the potentiometer 
wiper towards pin 8 (+BAL), the op amps output voltage will 
increase; towards pin 1 (-BAL) decreases the output voltage. 
A 20kQ trim pot will allow an offset voltage adjustment of 
about 10mV. 


Capacitive Loading Considerations 


When driving capacitive loads >80pF, a small resistor, 50Q 
to 100Q, should be connected in series with the output and 
inside the feedback loop. 


Typical Performance Curves vg = +15V, Ta = 25°C 
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FIGURE 5. OPEN LOOP GAIN AND PHASE vs FREQUENCY 


Saturation Recovery 


When an op amp is over driven, output devices can saturate 
and sometimes take a long time to recover. By clamping the 
input, output saturation can be avoided. If output saturation 
can not be avoided, the maximum recovery time when over- 
driven into the positive rail is 10.6us. When driven into the 
negative rail the maximum recovery time is 3.8us. 


Input Protection 


The HA-5221/5222 has built in back-to-back protection 
diodes which limit the maximum allowable differential input 
voltage to approximately 5V. If the HA-5221/5222 will be 
used in circuits where the maximum differential voltage may 
be exceeded, then current limiting resistors must be used. 
The input current should be limited to a maximum of 10mA. 


VouT 


PC Board Layout Guidelines 


When designing with the HA-5221 or the HA-5222, good 
high frequency (RF) techniques should be used when build- 
ing a PC board. Use of ground plane is recommended. 
Power supply decoupling is very important. A 0.01yF to 
0.1p.F high quality ceramic capacitor at each power supply 
pin with a 2.2uF to 10uF tantalum close by will provide excel- 
lent decoupling. Chip capacitors produce the best results 
due to ease of placement next to the op amp and basically 
no lead inductance. If leaded capacitors are used, the leads 
should be kept as short as possible to minimize lead induc- 
tance. 
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FIGURE 6. CLOSED LOOP GAIN vs FREQUENCY 
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Typical Performance Curves vg = +15V, Ta = 25°C (Continued) 
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FIGURE 9. CMRR vs FREQUENCY 
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FIGURE 11. OPEN LOOP GAIN vs TEMPERATURE 
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FIGURE 8. VARIOUS CLOSED LOOP GAINS vs FREQUENCY 
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FIGURE 10. PSRR vs FREQUENCY 
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Typical Performance Curves vs = +15V, Ta = 25°C (Continued) 
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FIGURE 15. SLEW RATE vs TEMPERATURE 
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Typical Performance Curves Vg =+15V, Ty = 25°C (Continued) 
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FIGURE 19. OUTPUT VOLTAGE SWING vs SUPPLY VOLTAGE 
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CMRR AND PSRR (dB) 
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FIGURE 20. NOISE CHARACTERISTICS 
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FIGURE 24. SHORT CIRCUIT OUTPUT CURRENT vs TIME 
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Typical Performance Curves vg = +15V. Tg = 25°C (Continued) 
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FIGURE 27. OUTPUT VOLTAGE SWING vs FREQUENCY 
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FIGURE 29. SUPPLY CURRENT/AMPLIFIER vs TEMPERATURE 
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FIGURE 26. 0.1Hz TO 1MHz 
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FIGURE 30. CHANNEL SEPARATION vs FREQUENCY 
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Die Characteristics 
DIE DIMENSIONS: 


72 mils x 94 mils x 19 mils 
1840um x 2400um x 483um 


METALLIZATION: 


Type: Al, 1% Cu 
Thickness: 16kA +2kA 


PASSIVATION: 


Type: Nitride (SigN4) over Silox (SiOo, 5% Phos.) 
Silox Thickness: 12kA mas 
Nitride Thickness: 3.5kA +1.5kA 


Metallization Mask Layout 


SUBSTRATE POTENTIAL (Powered Up): 
\- 

TRANSISTOR COUNT: 
62 

PROCESS: 


Bipolar Dielectric Isolation 


-BAL 


+BAL 


3 
4 
5 
oe 
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bDheOs 
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Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered Up): 
78 mils x 185 mils x 19 mils \- 
a a lt TRANSISTOR COUNT: 
METALLIZATION: 1 
Type: Al, 1% Cu PROCESS: 


Thickness: 16kA +2kA 
PASSIVATION: 


Type: Nitride (SigN4) over Silox (SiOz 5% Phos.) 
Silox Thickness: 12kA +2 
Nitride Thickness: 3.5kA +1 5kA 


Bipolar Dielectric Isolation 


Metallization Mask Layout 


HA-5222 
OUT1 
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850MHz, Low Distortion 
November 1996 Current Feedback Operational Amplifiers 


Features 
Low Distortion (30MHz, HD2) 
-3dB Bandwidth 
Very Fast Slew Rate 
Fast Settling Time (0.1%) 
Excellent Gain Flatness 
« (IGOMAZ) ccc ceccseveswes anew +0.14dB 
© (SOM 2) occ wie s Cen eine se cawwne +0.04dB 
i TIA oc 05.0 6 ood new eee cont ee +0.01dB 
e High Output Current 
e Overdrive Recovery 


Applications 
¢ Video Switching and Routing 
e Pulse and Video Amplifiers 
Wideband Amplifiers 
RF/IF Signal Processing 
Flash A/D Driver 
Medical Imaging Systems 


Related Literature 
- AN9420, Current Feedback Theory 
- AN9202, HFA11XX Evaluation Fixture 


Pinouts 
HFA1100 
(PDIP, CERDIP, SOIC) 
TOP VIEW 


NC | 1) 18} NC 


-IN 7 | V+ 
+IN | 3] 16 | OUT 
v- [a TS] NC 


HFA1120 
(PDIP, CERDIP, SOIC) 
TOP VIEW 


BAL [7] re] NC 
-IN [2 V+ 
+IN = ré] OUT 


V- 14 | 15} BAL 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


Copyright © Harris Corporation 1996 


Description 


The HFA1100, 1120 are a family of high-speed, wideband, fast 
settling current feedback amplifiers. Built with Harris’ proprietary 
complementary bipolar UHF-1 process, these devices are the fastest 
monolithic amplifiers available from any semiconductor manufacturer. 
The HFA1100 is a basic op amp with uncommitted pins 1, 5, and 8. 
The HFA1120 includes inverting input bias current adjust pins (pins 1 
and 5) for adjusting the output offset voltage. 


These devices offer a significant performance improvement over the 
AD811, AD9617/18, the CLC400-409, and the EL2070, EL2073, 
EL2030. 


For Military grade product refer to the HFA1100/883, HFA1120/883 
data sheet. 


Ordering Information 
PART NUMBER TEMP. 
(BRAND) RANGE (°C)| PACKAGE 
HFA1100MJ/883, -55to125 |8LdCERDIP |F8.3A 
HFA1120MJ/883 


HFA1100lJ, HFA1120IJ 40to85 |8LdCERDIP |F8.3A 


HFA1100IP, HFA1120IP -40to85 |8LdPDIP E8.3 


HFA11001B, HFA11201B 40to85 |8LdSOIC M8.15 
(H11001, H1120!) 


HFA11XXEVAL DIP Evaluation Board for High-Speed Op Amps 


INPUT 
220MHz 
SIGNAL 


2 


OUTPUT 
(Ay = 2) 

MME HFA1130 
aH OP AMP 


: + 
eee Oe eee et To SPONDS 0 Oe £8 Oo OD EDD DED Oh tes a ED NED OF ED 
2 : fils. #. 
Ago OM: & . ri 
: ta oseele oS H "i ; 
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File Number 2945.5 


HFA1100, HFA1120 


Absolute Maximum Ratings T, = 25°C 


Voltage Between V+ and V- .... 0... . ccc eee eee 12V 
Input Voltage (ete ber guwcautae se ea how en wee vewaees VsuppLy 
DINGFaNiial INDUL VONAQC. «ski accandccnvane coated eewed HO. 5V 
Output Current (50% Duty Cycle).................2008. 60mA 


Operating Conditions 
Temperature Range ..............0..0 cece eens -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) 
GERDIP PaCkag@ ssccnacuxeecaawa 


PUIP POGKAGS 2 s0ncrenveeecevanae 130 N/A 

BOG PACKAGG. 2. scsc% cweevacwass 170 N/A 
Maximum Junction Temperature (Die or CERDIP)......... 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. Oya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +5V, Ay = +1, Re = 5109, R, = 100Q, Unless Otherwise Specified 


(NOTE 2) 


TEST 


PARAMETER CONDITIONS 


INPUT CHARACTERISTICS 


Input Offset Voltage (Note 3) 


Input Offset Voltage Drift 


Vio CMRR AVom = +2V 
Vio PSRR AVg = +1.25V 
Non-Inverting Input Bias Current +IN = 0V 
(Note 3) 


+lBiAS CMS 
Inverting Input Bias Current (Note 3) -IN = OV 


H+ 
N 
< 


> 

< 
QO 
= 


& 

< 
O 
= 

| 

me 

NO 

< 


-IBias CMS 
dean Pa AVg = +1.25V 


Input Capacitance (Either Input) 


TEST 
LEVEL 


z =< 
Full 38 | dB | 
: <a 
Full 42 | dB 
z 
Full 
Full 40 nA°C 
Full 


pa 
NO 


nN 
N 


+100 +200 


wd 


BI. 
|e} : 


W 
o 


4 


+3.0 


THPEEEPEEEE? 


sb 
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HFA1100, HFA1120 


Electrical Specifications = Vsyppyy = +5V, Ay = +1, Re = 5102, R, = 1002, Unless Otherwise Specified (Continued) 


TEMP. 
(°C) TYP UNITS 


(NOTE 2) 
TEST TEST 
PARAMETER CONDITIONS LEVEL 


TRANSFER CHARACTERISTICS Ay = +2, Unless Otherwise Specified 


-3dB Bandwidth (Note 3) Vout = 0.2Vp.p, 530 850 MHz 
Ay = +1 
Vout = 0.2Vp.p, 670 MHz 
Ay = +2, Re = 3602 


300 


= 
pa 
N 


Full Power Bandwidth Vearr = Vis az 
Ayu >t 


Gain Flatness (Note 3) |B | 


< 
tl 
t 


+0.14 
+0.04 
+0.01 


| 8 

DC to 100MHz | 

Differential Gain NTSC, R, = 75Q | ee 
Ls 


Differential Phase NTSC, R, = 75Q 


Linear Phase Deviation (Note 3) Degrees 


oj atic 
OoO7;ToTo 
wi} oy— 
O};]olro 
Se 
NEN | 

N 


xe 


25 
25 
25 
25 
25 
25 
25 
25 
25 
2 

4 


Degrees 


Minimum Stable Gain 


+ 
a) 
ro) 
Ps o}° 
Go o}lo 
w al @ 


Q | @ : 
o | o a 
> a | es) 
1] 7 w 
© | » 
~~ -- = | 
> his Q 
Oo | o = 
alo =. 
o1® Q 
—_s 
= i 


< 
Hi 


OUTPUT CHARACTERISTICS Ay = +2, Unless Otherwise Specified 


; 
a 


Output Voltage (Note 3) 


A Full 


Output Current R, = 500, Ay =-1 25, 85 


50 


+ 
ie) 
on 
I+ 
w 
fo) 


ye) Ww 
oO ol 4 


> 


nn 
o 
> 


rs 
ll 


DC Closed Loop Output Impedance 
(Note 3) 


ie) 
Oo 
= 
3 
N 
> 
ce 
4 
NO 
< 
Uv 
Vv 


108] 
QO 


2nd Harmonic Distortion (Note 3) 


3rd Harmonic Distortion (Note 3) 


8) 
ro) 


3rd Order Intercept (Note 3) 100MHz 
100MHz 
TRANSIENT RESPONSE Ay = +2, Unless Otherwise Specified 
Vout = 2.0V Step 
Overshoot (Note 3) Vout = 2.0V Step 


Slew Rate Ay = +1, Vout = 


Ww 
oO 


5 
5 
0 
5 
5 
5 
) 
5 


2 
2 
2 
2 
2 


—* 
on 
pe) 
oO 


dn Sa 
yop) S 


1dB Compression 


; 7 ° | BY 
‘ ~ 5 | BY 


w 
o 
= 
=k 
N 
< 
Oo 
c 
o 
no 
=< 
v 
v 


nN 
uo 


Rise Time 


| 

on 

<= 
Uv 
Uv 


1400 
2300 


25 1850 


0.1% Settling (Note 3) 
0.2% Settling (Note 3) = 


ie) 
Oo 


< 
fe) 
+ 
nm 
< 
Comal 
co) 
ro) 
< 
De) Doe ae) 


N 
on 
N 
on 
oO 


a) 
@o 
= 
DD 
a 
ca) 
| 
of 
ie) 
S 
Cc 
o 
| 
Oo 
< 
Uv 
Uv 


ine) 
Oo 4 
Pa) I 
Oo ine) 
gji< 
<= -~ 
@O (e} 
[@) 
< 


Overdrive Recovery Time 
POWER SUPPLY CHARACTERISTICS 


<i< 
< = |=] 3 
nto 


Supply Voltage Range Full +4.5 tS 


Supply Current (Note 3) 


a 
Ae ie) 
sis 
>} > 


Full 


NOTES: 
2. Test Level: A. Production Tested; B. Typical or Guaranteed Limit Based on Characterization; C. Design Typical for Information Only. 
3. See Typical Performance Curves for more information. 
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HFA1100, HFA1120 


Application Information 


Optimum Feedback Resistor (Rr) 


The enclosed plots of inverting and non-inverting frequency 
response detail the performance of the HFA1100/1120 in vari- 
ous gains. Although the bandwidth dependency on Ac, isn’t as 
severe as that of a voltage feedback amplifier, there is an 
appreciable decrease in bandwidth at higher gains. This 
decrease can be minimized by taking advantage of the current 
feedback amplifiers unique relationship between bandwidth 
and Rr. All current feedback amplifiers require a feedback 
resistor, even for unity gain applications, and the Re, in conjunc- 
tion with the internal compensation capacitor, sets the domi- 
nant pole of the frequency response. Thus, the amplifiers 
bandwidth is inversely proportional to Re. The HFA1100, 1120 
designs are optimized for a 510Q Rr, at a gain of +1. Decreas- 
ing R¢ in a unity gain application decreases stability, resulting in 
excessive peaking and overshoot (Note: Capacitive feedback 
causes the same problems due to the feedback impedance 
decrease at higher frequencies). At higher gains the amplifier is 
more stable, so Re can be decreased in a trade-off of stability 
for bandwidth. The table below lists recommended Rr values 
for various gains, and the expected bandwidth. 


Offset Adjustment 


The HFA1120 allows for adjustment of the inverting input 
bias current to null the output offset voltage. -lpias flows 
through Re, so any change in bias current forces a 
corresponding change in output voltage. The amount of 
adjustment is a function of Re. With Re = 510Q, the typical 
adjust range is +100mV. For offset adjustment connect a 
10kQ potentiometer between pins 1 and 5 with the wiper 
connected to V-. 


Use of Die in Hybrid Applications 


These amplifiers are designed with compensation to negate 
the package parasitics that typically lead to instabilities. As a 
result, the use of die in hybrid applications results in 
overcompensated performance due to lower parasitic 
capacitances. Reducing Re below the recommended values 
for packaged units will solve the problem. For Ay = +2 the 
recommended starting point is 3002, while unity gain 
applications should try 400Q. 


PC Board Layout 


The frequency performance of these amplifiers depends a 
great deal on the amount of care taken in designing the PC 
board. The use of low inductance components such as 
chip resistors and chip capacitors is strongly recom- 
mended, while a solid ground plane is a must! 


Attention should be given to decoupling the power supplies. 
A large value (10uF) tantalum in parallel with a small value 
chip (0.1,.F) capacitor works well in most cases. 


Terminated microstrip signal lines are recommended at the 
input and output of the device. Output capacitance, such as 
that resulting from an improperly terminated transmission 
line will degrade the frequency response of the amplifier and 
may cause oscillations. In most cases, the oscillation can be 
avoided by placing a resistor in series with the output. 


Care must also be taken to minimize the capacitance to ground 
seen by the amplifiers inverting input. The larger this capaci- 
tance, the worse the gain peaking, resulting in pulse overshoot 
and possible instability. To this end, it is recommended that the 
ground plane be removed under traces connected to pin 2, and 
connections to pin 2 should be kept as short as possible. 


An example of a good high frequency layout is the Evalua- 
tion Board shown below. 


Evaluation Board 


An evaluation board is available for the HFA1100 (Part Num- 
ber HFA11XXEVAL). Please contact your local sales office 
for information. 


The layout and schematic of the board are shown below: 


500Q 


5002 Vu 


BOTTOM LAYOUT 


3-521 


OPERATIONAL 
AMPLIFIERS 


HFA1100, HFA1120 


Typical Performance Curves Vgyppiy = +5V, Rr = 5102, Ta = 25°C, R, = 100, Unless Otherwise Specified 


Se Se ES Sey 


OUTPUT VOLTAGE (mv) 


TIME (5ns/DIV.) 
FIGURE 1. SMALL SIGNAL PULSE 


NORMALIZED GAIN (dB) 


PHASE (DEGREES) 


10 1 
FREQUENCY (MHz) 


FIGURE 3. NON-INVERTING FREQUENCY RESPONSE 
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FIGURE 5. FREQUENCY RESPONSE FOR VARIOUS LOAD 

RESISTORS 
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FIGURE 2. LARGE SIGNAL PULSE 
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FIGURE 4. INVERTING FREQUENCY RESPONSE 
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FIGURE 6. FREQUENCY RESPONSE FOR VARIOUS LOAD 
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HFA1100, HFA1120 


Typical Performance Curves Vgyppyy = +5V, Re = 5102, Ta = 25°C, R, = 1002, Unless Otherwise Specified (Continued) 


av=+2_ 1 UU LTE TT 
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- z 
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2 -10 H ro 0.32Vpp sell 
S a 2M | | t.00v..» 
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30 So. 
= COAT TT 
a a ies 
a AE 
a a 1 a 
03 1 10 100 1K 0.3 1 10 100 1K 
FREQUENCY (MHz) FREQUENCY (MHz) 


FIGURE 7. FREQUENCY RESPONSE FOR VARIOUS OUTPUT FIGURE 8. FREQUENCY RESPONSE FOR VARIOUS OUTPUT 
VOLTAGES VOLTAGES 
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FIGURE 9. FREQUENCY RESPONSE FOR VARIOUS OUTPUT FIGURE 10. -3dB BANDWIDTH vs TEMPERATURE 
VOLTAGES 
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FIGURE 11. OPEN LOOP TRANSIMPEDANCE FIGURE 12. GAIN FLATNESS 
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HFA1100, HFA1120 


Typical Performance Curves Vgyppiy = +5V, Rr = 5100, Ta = 25°C, R, = 100, Unless Otherwise Specified (Continued) 
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FIGURE 13. DEVIATION FROM LINEAR PHASE FIGURE 14. SETTLING RESPONSE 
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FIGURE 15. CLOSED LOOP OUTPUT RESISTANCE FIGURE 16. 3rd ORDER INTERMODULATION INTERCEPT 
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FIGURE 17. 2nd HARMONIC DISTORTION vs Pour FIGURE 18. 3rd HARMONIC DISTORTION vs Poyt 
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HFA1100, HFA1120 


Typical Performance Curves Vsuppty = +5V, Re = 5102, Ty = 25°C, R, = 100Q, Unless Otherwise Specified (Continued) 
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FIGURE 19. OVERSHOOT vs INPUT RISE TIME FIGURE 20. OVERSHOOT vs INPUT RISE TIME 


OPERATIONAL 
AMPLIFIERS 


OVERSHOOT (%) 
SUPPLY CURRENT (mA) 


60 -40 -20 0 20 40 60 80 100 120 
FEEDBACK RESISTOR (22) TEMPERATURE (°C) 


FIGURE 21. OVERSHOOT vs FEEDBACK RESISTOR FIGURE 22. SUPPLY CURRENT vs TEMPERATURE 
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FIGURE 23. SUPPLY CURRENT vs SUPPLY VOLTAGE FIGURE 24. Vio AND BIAS CURRENTS vs TEMPERATURE 


3-525 


HFA1100, HFA1120 


Typical Performance Curves Vsuppty = t5V, Re = 510Q, Ta = 25°C, R, = 1002, Unless Otherwise Specified (Continued) 
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FIGURE 25. OUTPUT VOLTAGE vs TEMPERATURE FIGURE 26. INPUT NOISE vs FREQUENCY 
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HFA1100, HFA1120 


Die Characteristics 


DIE DIMENSIONS: TRANSISTOR COUNT: 
63 mils x 44 mils x 19 mils 52 
1600um x 1130um 


METALLIZATION: 


Type: Metal 1: AlCu (2%)/TIW 
Thickness: Metal 1: 8kA +0.4kA 


Type: Metal 2: AlCu (2% 
Thickness: Metal 2: 16 +0.8kA 


PASSIVATION: 


Floating (Recommend Connection to V-) 


Type: Nitride 
Thickness: 4kA +0.5kA 


Metallization Mask Layout 
HFA1100, HFA1120 


Re )): ee | i i 


+IN 
-IN 
ro 
w 
w 
V- 
BAL 
VL 
Vv 
BAL : 
V+ 
. SOO7O0AL J 


OUT 
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Features 
Compensation Pin for Bandwidth Limiting 
Low Distortion (HD2 at 30MHz) 
-3dB Bandwidth 
Very Fast Slew Rate 
Fast Settling Time (0.1%) 


Excellent Gain Flatness 


~ (1O0MHZ).. 2.2... cece cece cece neces +0.05dB 
~ (50MHZ). 0... eee eee e cece eee e ee eeee +0.02dB 
- (B0MHZ).... 0... c eee cece eee e eee eeee +0.01dB 


High Output Current 


Overdrive Recovery 


Applications 

e Low Noise Amplifiers 

¢ Video Switching and Routing 
Pulse and Video Amplifiers 
RF/IF Signal Processing 
Flash A/D Driver 


Medical Imaging Systems 


Pinout 


HFA1102 
(PDIP, CERDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3 597 2 
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HFA1102 


600MHz Current Feedback 
Amplifier with Compensation Pin 


Description 


The HFA1102 is a high speed wideband current feedback 
amplifier featuring a compensation pin for bandwidth limiting. 
Built with Harris’ proprietary complementary bipolar UHF-1 
process, it has excellent AC performance and low distortion. 


Because the HFA1102 is already unity gain stable, the 
primary purpose for limiting the bandwidth is to reduce the 
total noise (broadband) of the circuit. The bandwidth of the 
HFA1102 may be limited by connecting a capacitor and 
series damping resistor from pin 8 to ground. Typical 
bandwidths for various values of compensation capacitors 
are shown in the Electrical Specifications section of this 
datasheet. 


A variety of packages and temperature grades are available. 
See the ordering information below for details. 


Ordering Information 


PART NUMBER TEMP. 
(BRAND) RANGE (°C)| PACKAGE 
-40to85 |8LdCERDIP F8.3A 
-40to85 |8Ld PDIP Es. 


INPUT 


WB HFA1102 
ae OP AMP 


HFA1102 


Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- ... 00.0... cece cee cee eee 12V___ Thermal Resistance (Typical, Note 1) Oya (CCIW) 8jc (PCCW) 
OG DUT VORA ie vc oe eee bab ew eee Bowes s bees VSUPPLY CERDIP PaCKAIG oc 0ssxks'oree ees 120 35 
Differential Input Voltage. 22 .c ccs scassecsecicsesauncaves 5V PO PRONG 6 chedes beeen bapers 130 N/A 
Output Curent (607 Duly Cycle). ce ccsc cere ceeeenseuaes 60mA SOIC PRCKAGE. cvenscsteeea rian 170 N/A 
Maximum Junction Temperature (Ceramic Package and Die) . . 175°C 
Operating Conditions Maximum Junction Temperature (Plastic Package) ........ 150°C 
6 0. Maximum Storage Temperature Range ......... -65°C to 150°C 
Temperature Range ...............0e cece eee -40°C to 85°C Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. Oya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +5V, Ay = +1, Rr = 510Q, Ry = 1002, Coomp = OpF, 
Unless Otherwise Specified 


TEST TEMP. 
PARAMETER CONDITIONS (°C) TYP UNITS 


INPUT CHARACTERISTICS 


Input Offset Voltage 


Input Offset Voltage Drift 


Vio CMRR 
Vio PSRR 


Non-Inv. Input Bias Current 


+IBias CMS 


Inv. Input Bias Current 


-IBias CMS AVcm = t2V 25 | 7 
a 
_ Fut | 
| 8 


3 


PBR 


3 


EEEBERE 


=) 
< 
> 
x] 
N 


+Input Noise Current 100kHz | 2 | = | 
-Input Noise Current 100kHz | = | - | 
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AMPLIFIERS 


HFA1102 


Electrical Specifications Vsyppyy = +5V, Ay = +1, Re = 5109, Ry, = 1002, Ccomp = OPF, 
Unless Otherwise Specified (Continued) 


TEST TEMP. 
PARAMETER CONDITIONS (°C) TYP UNITS 


TRANSFER CHARACTERISTICS Ay = +1, Re = 1502, Roamp = 1202, Unless Otherwise Specified 


oweeriarcan——SCidNTCALeTeD | es | - | oo | - | 
Ea 
rimonabant dT rr | | dT dT 
Bandwidth Limiting Characteristics Ccomp=0pF | 25 TT MH 
ecow= tor | = | | we | - | « 
ecomm=err | a | - | oo [| - | 
CS 
[canFavess Cid SCY | CP me | dC 
raf 2s | so | - |v _ 
Os 
CS a a 
fararvencOstrion _—_—_—«sdisinVour=@vrr |__| - | © | - | o> _ 
[aaramoncBstrion _—_—_—(sowixVour=avrr |__| | #0 | - | oe _ 
TRANSIENT RESPONSE Ay = +1, Re = 1502, Rpamp = 1202, Unless Otherwise Specified 
fReotine SS Cd(Mour ave T= ] | om | 
Ce 
ae ee 
eresetingtme SS idowr=avow | es | | | | 
paesetingtine ————«divoursavwow | @ | - | 7 | - |» 


POWER SUPPLY CHARACTERISTICS 


Full 


oi 


+4. +5.5 


Supply Voltage Range 


Supply Current 5 26 A 


Full 33 


= 
> 
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HFA1102 


Application Information 
Optimum Feedback Resistor (RF) 


5002 5002 


All current feedback amplifiers require a feedback resistor, even 
for unity gain applications. The Re, in conjunction with the inter- 
nal compensation capacitor, sets the dominant pole of the fre- 
quency response. Thus, the amplifiers bandwidth is inversely IN ¢ 
proportional to Re. The HFA1102 design is optimized for a 150Q 
Re, at a gain of +1. Decreasing Re in a unity gain application 10uF FE 0.1pF GND 
decreases Stability, leading to excessive peaking and overshoot. L uy GND ao 

At higher gains the amplifier is more stable, so Re can be 
decreased in a trade-off of stability for bandwidth. 


Bandwidth Limiting 


The bandwidth of the HFA1102 may be limited by connecting a 
resistor (Rpamp) and capacitor in series from pin 8 to GND. The 
series resister is required to damp the interaction between the 
package parasitics and Ccowp. Typical bandwidths for various 
values of compensation capacitor are shown in the specification 
tables. Because the HFA1102 is already unity gain stable, the 
main reason for limiting the bandwidth is to reduce the total noise 
(broadband) of the circuit. Additionally, compensating the 
HFA1102 allows the use of a lower value Re for a given gain. The 
decreased bandwidth due to Ccoyp Offsets the bandwidth 
increase from the lower Rr, keeping the amplifier stable. Reduc- 
ing Re provides the double benefits of reduced DC errors 
(-lp x Re) and reduced total noise (Ij) x Re and 4KTRe). 

PC Board Layout BOTTOM LAYOUT 


TOP LAYOUT 


The frequency performance of this amplifier depends a great 
deal on the amount of care taken in designing the PC board. The 
use of low inductance components such as chip resistors 
and chip capacitors is strongly recommended, while a solid 
ground plane is a must! 

Attention should be given to decoupling the power supplies. A 
large value (10uF) tantalum in parallel with a small value chip 
(0.1p.F) capacitor works well in most cases. 


OPERATIONAL 
AMPLIFIERS 


Terminated microstrip signal lines are recommended at the input 
and output of the device. Output capacitance, such as that result- 
ing from an improperly terminated transmission line will degrade 
the frequency response of the amplifier and may cause oscilla- 
tions. In most cases, the oscillation can be avoided by placing a 
resistor in series with the output. 


Care must also be taken to minimize the capacitance to ground 
seen by the amplifiers inverting input. The larger this capaci- 
tance, the worse the gain peaking, resulting in pulse overshoot 
and possible instability. To this end, it is recommended that the 
ground plane be removed under traces connected to pin 2, and 
connections to pin 2 should be kept as short as possible. 


An example of a good high frequency layout is the Evaluation 
Board shown. 


Evaluation Board 


The HFA1102 may be evaluated using the HFA11XX Evaluation 
Board which is available from your local sales office (part number 
HFA11XXEVAL). Rpamp and Ccomp should be connected in 
series from the socket pin to the GND plane. The trace from pin 8 
to the Vy, connector should be cut near the socket to remove this 
parallel capacitance.The layout and schematic of the board are 
shown below: 


PHASE (DEGREES) 


0.01 0.1 03061 3 610 3060100 300600 
FREQUENCY (MHz) 


FIGURE 2. OPEN LOOP TRANSIMPEDANCE FOR VARIOUS 
COMPENSATION CAPACITORS 
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Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
63 mils x 44 mils x 19 mils Type: Nitride 
1600um x 1130um Thickness: 4kA +0.5kA 
METALLIZATION: TRANSISTOR COUNT: 
Type: Metal 1: AlCu (2%)/TiW 52 


Thickness: Metal 1: 8kA +0.4kA 


Type: Metal 2: AlCu (2% 
Thickness: Metal 2: 16 


SUBSTRATE POTENTIAL (Powered Up): 
+0.8kA Floating (Recommend Connection to V-) 


Metallization Mask Layout 
HFA1102 


+IN 


" 50070R aaa 


COMP 
Vi (NOTE) 
NC Vy (NOTE) 
V+ 


_ 50070A06 


OUT 


NOTE: Output Limiting Function (Vy, V;) is available to users of the HFA1102 in die form. Please refer to the HFA1130 data sheet for 
information regarding the operation and use of this function. 
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Ww HARRIS HFA1103 


200MHz, Video Op Amp with 
November 1996 High Speed Sync Stripper 


Features Description 


Removes Sync Signal From Component Video The HFA1103 is a high-speed, wideband, fast settling cur- 
rent feedback op amp with a sync stripping function. The 
HFA1103 is a basic op amp with a modified output stage that 
-3dB Bandwidth 200MHz_ enables it to strip the sync from a component video signal. 
The output stage has an open emitter NPN transistor that 
Very Fast Slew Rate 600V/S prevents the output from going low during the sync pulse. 
Fast Settling Time (0.1%) Removing the sync signal benefits digitizing systems 
; because only the active video information is applied to the 
Excellent Gain Flatness, 32MHz............. +0.1dB A/D converter. This enables the full dynamic range of the 
Overdrive Recovery A/D converter to be used to process the video signal. The 
HFA1103 includes inverting input bias current adjust pins 
(pins 1 and 5) for adjusting the output offset voltage. 


Low Residual Sync 8mV (Typ) 


Applications 
RGB Video Sync Stripping Ordering Information 


RGB Video Distribution Amplifier for Workstations PART NUMBER TEMP. 
and PC Networks (BRAND) RANGE (°C) 


Video Conferencing Systems HFA1103IP -40to85 |8Ld PDIP 


RGB Video Monitor Preamp HFA11031B 8 Ld SOIC 
‘ ; ; H1103!1 
Fiberoptic Receivers ( 


Pinout Sync Stripper Waveforms 
HFA1103 


OPERATIONAL 
AMPLIFIERS 


(PDIP, SOIC) 
TOP VIEW 0 to +0.7V aif 0 to +0.7V 


0 to -0.3V t 


COMPONENT (RGB) HFA1103 OUTPUT 
VIDEO INPUT 


Application Schematic 
+5V 


HFA1103 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3957.2 
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Absolute Maximum Ratings Thermal Information 
Voltage Between V+and V- cnc scassccsisvscssnaveccwers 12V Thermal Resistance (Typical, Note 1) 8 ya (°C/W) 
Input Voltage... 2.6... ee eee eee ee eee eee eee VSUPPLY PDIP Package ....... 0... cece cence eee ene 130 
Differential Input Voltage. 0.26. ccsccricunssveresesnscener 5V SOIC PHORUG oc eniee sian scvaxesewsrewnasas 170 
Output Current (50% Duty Cycle)...............2..eees 60mA Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Operating Conditions Maximum Lead Temperature (Soldering 10s)............. 300°C 
Temperature Range ..............002 cece cues -40°C to 85°C (SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +5V, Ay = +2, Re = 750Q, R,_ = 50Q, Unless Otherwise Specified 


TEMP 


DC CHARACTERISTICS 
ee 
ee 
ee 
es 
30 


Residual Sync (Note 2) Vin = -300mV, Ay = +1 


Output Offset Voltage (Notes 3, 5) 


Vos PSRR AVg = +1.25V 45 


Full 


35 
+IN = OV 


MN 


Full 


-IN = 0V 


ie) 


Full 


ne) 
on 


pA 
pA 
100 pA 
kQ 
16 Q 
pF 
Q 
H 
H 


Full +2.5 +3.0 


ak 
co 


TRANSFER CHARACTERISTICS Ay = +2, Unless Otherwise Specified 


- 


nv/ 


; 


H 
pA/VHz 
z 
z 


N 
uo oO on 
oO 


1 


nN 
on 


Open Loop Transimpedance 50 


-3dB Bandwidth Vout = 1.0Vp-p, Ay = +2 


Gain Flatness To +0.1dB 


< 
mia 
N 


2 
3 


Nh ie) 


| 
ae 
ee 
Minimum Stable Gain Full a V 


OUTPUT CHARACTERISTICS Ay = +2, Unless Otherwise Specified 


0 

N 
Output Voltage (Note 3) 3.0 V 
-40°C 1.75 V 


on 


3-534 


HFA1103 


Electrical Specifications Vsyppyy = +5V, Ay = +2, Rr = 750Q, R, = 509, Unless Otherwise Specified (Continued) 


Output Current 


NOTES: 
2. The residual sync is specified at the output of a doubly terminated circuit (See page 1 of this data sheet). 
3. Since the HFA1103 has an open emitter NPN output stage, this measurement is only valid for positive values. 


TEMP 


TRANSIENT RESPONSE Av = +2, Unless Otherwise Specified 


a 
ce 


4. The -lpjas Current can be used to adjust the offset voltage to zero, but -lp;as does not flow bidirectionally because the HFA1103 output 


stage is an open emitter NPN transistor. 
5. Vos includes the error contribution of Igsy at Re = 7502. 


6. This is the minimum change in inverting input bias current when a BAL pin is connected to V- through a 500 resistor. 


Test Circuit 


VIN 


DUT 


Vout 


FIGURE 1. TEST CIRCUIT 


Application Information 
Offset Adjustment 


The HFA1103 allows for adjustment of the inverting input bias 
current to null the output offset voltage. -lpias flows through 
Rr, so any change in bias current forces a corresponding 
change in output voltage. The amount of adjustment is a func- 
tion of Re. With Re = 750Q, the typical adjust range is 150mV. 
For offset adjustment connect a 10kQ potentiometer between 
pins 1 and 5 with the wiper connected to V-. 


PC Board Layout 


The frequency performance of these amplifiers depends a 
great deal on the amount of care taken in designing the PC 
board. The use of low inductance components such as 


chip resistors and chip capacitors is strongly recom- 
mended, while a solid ground plane is a must! 


Attention should be given to decoupling the power supplies. 
A large value (10u.F) tantalum in parallel with a small value 
chip (0.1.F) capacitor works well in most cases. 


Terminated microstrip signal lines are recommended at the 
input and output of the device. Output capacitance, such as 
that resulting from an improperly terminated transmission 
line will degrade the frequency response of the amplifier and 
may cause oscillations. In most cases, the oscillation can be 
avoided by placing a resistor in series with the output. 
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Care must also be taken to minimize the capacitance to 
ground seen by the amplifiers inverting input. The larger this 
capacitance, the worse the gain peaking, resulting in pulse 
overshoot and possible instability. To this end, it is 
recommended that the ground plane be removed under 
traces connected to pin 2, and connections to pin 2 should 
be kept as short as possible. 


An example of a good high frequency layout is the 
Evaluation Board shown in Figure 3. 


Evaluation Board 


The HFA1100 series evaluation board may be used for the 
HFA1103 with minor modifications. The evaluation board 
may be ordered using part number HFA11XXEVAL. Please 
note that an HFA1103 sample is not included with the evalu- 
ation board and must be ordered separately. 


The layout and schematic of the board are shown below: 


5002 


FIGURE 2. EVALUATION BOARD SCHEMATIC 


TO SYNC 
SEPARATOR 45V 
e S/H ° 
CONTROL Rg 
. ; 10K 


TOP LAYOUT 


BOTTOM LAYOUT 


FIGURE 3. EVALUATION BOARD ARTWORK 


Typical Application 


A circuit which performs the sync stripper and DC restore 
functions is shown in Figure 4. Please reference Harris 
Application Note AN9514, titled “Video Amplifier with Sync 
Stripper and DC Restore”, for details on this circuit. 


The standard output of a VM700 video measurement set is 
shown in Figure 5. The output, after passing through the 
Applications Schematic shown on the first page of this data 
sheet, is shown in Figure 6. 


IC1a + IC1b = CA5260 DUAL AMP 
IC2 = 74HC4053 SWITCH 
IC3 = HFA1103 VIDEO OP AMP 


R7 Rg 
9 +5Vnc 
gel 
-) 9 VouT 
R40 Ri2 
ns 75 
v, vy, 


FIGURE 4. VIDEO AMPLIFIER WITH SYNC STRIPPER AND DC RESTORE 
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VOLTS IRE:FLT I 


100.0 HH 
! wi UH 
= | THU] 
0.6 | | | | 
| | 
| 
0.4 Hilt 
50.0 | 
{ 
| 
0.2 | 
th 
ANAT! nil 
| All 
00 {on i | 
HH le 
Ail 
-0.2 
-50.0 
-40.0 -30.0 -20.0 -10.0 0.0 10.0 


525 LINE NTSC MICROSECONDS 
FIGURE 5. OUTPUT OF VM700 VIDEO MEASUREMENT SET 


ran 
za 
Oo Ww 
| —— 
VOLTS —4IRE:FLT qj 
co 
100.0 us 
a 
0.6 O 
0.4 
50.0 
0.2 
0.0 0.0 
0.2 
-50.0 
-40.0 -30.0 -20.0 -10.0 0.0 10.0 


525 LINE NTSC MICROSECONDS 


FIGURE 6. OUTPUT OF HFA1103 SYNC STRIPPER CONFIGURED AS ON THE FIRST PAGE OF THIS DATA SHEET 
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Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered Up): 
63 mils x 44 mils x 19 mils Floating (Recommend Connection to V-) 
1600um x 1130um x 483um 

PASSIVATION: 

METALLIZATION: Type: Nitride 

Type: Metal 1: AlCu (2%)/TiW Thickness: 4kA +0.5kA 


Thickness: Metal1: 8kA +0.4kA 
TRANSISTOR COUNT: 
Type: Metal 2: AlCu (2%) 


Thickness: 16kA +0.8kA 50 


Metallization Mask Layout 


HFA1103 


BAL NC 


Cl 4IA 22C 23Cr"™ 


V+ 


ang 5 a a | ia : 
+IN ee 2 ee = OUT 
a Fa. ) 
yk = 
HO 


_ 50070AL0 


V- NC BAL 
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Ww HARRIS HFA1105 


330MHz, Low Power, 
November 1996 Current Feedback Video Operational Amplifier 


Features Description 


Low Supply Current ; The HFA1105 is a high speed, low power current feedback 
amplifier built with Harris’ proprietary complementary bipolar 


High Input Impedance UHF-1 process. 


Wide -Gdb Bandwidth This amplifier features an excellent combination of low 
Very Fast Slew Rate power dissipation (58mW) and high performance. The slew 
; rate, bandwidth, and low output impedance (0.08Q) make 
Gain Flatness (to 75MHz) this amplifier a good choice for driving Flash ADCs. Compo- 
Differential Gain ; nent and composite video systems also benefit from this op 
amp’s excellent gain flatness, and good differential gain and 
Differential Phase phase specifications. The HFA1105 is ideal for interfacing to 
Pin Compatible Upgrade for CLC406 Harris’ line of video crosspoint switches (HA4201, HA4600, 
HA4314, HA4404, HA4344), to create high performance, low 

power switchers and routers. 


Applications 
; The HFA1105 is a low power, high performance upgrade for 
* Flash A/D Drivers the CLC406. For a comparable amplifier with output disable 
¢ Video Switching and Routing or output limiting functions, please see the data sheets for 
the HFA1145 and HFA1135 respectively. 


For Military grade product, please refer to the HFA1145/883 
Video Digitizing Boards/Systems data sheet. 


¢ Professional Video Processing 


OPERATIONAL 
AMPLIFIERS 


ciibiacendet aman Ordering Information 


RGB Preamps 


. : PART NUMBER TEMP. 
Medical Imaging (BRAND) RANGE (°C) 


Hand Held and Miniaturized RF Equipment HFA1105IP 8 Ld PDIP 


Battery Powered Communications HFA11051B -40 to 85 8Ld SOIC 
(H11051) 


HFA11XXEVAL DIP Evaluation Board for High Speed 
Op Amps 


HFA1105 
(PDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3395.5 
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Absolute Maximum Ratings Thermal Information 
Subply Vouse (V+ 10 V-) csscsccsccendwavsasedeenacawas 11V._ Thermal Resistance (Typical, Note 2) Bya (°C/W) 
DC Input Voltage ........ 6... cece eee eee eee eee VSUPPLY PDIP Package .............e cece cece eee eee 130 
Diterenudl NpUl VONSOS, «.0600e caw deaew nese eee en nan ve 8V SOG PAMAGR. «occ vseeccsrecdnamines suai 170 
Output Current (Note 1)................ Short Circuit Protected — Maximum Junction Temperature (Die)................... 175°C 
30mA Continuous Maximum Junction Temperature (Plastic Package) ........ 150°C 
60mA < 50% Duty Cycle Maximum Storage Temperature Range ......... -65°C to 150°C 
ESD Rating i oS His OD Oe CD OD © HSS, SOS OAO HOS Bide Bw viele Oo >600V Maximum Lead Temperature (Soldering 10s) Se nee WE aie 300°C 


(SOIC - Lead Tips Only) 
Operating Conditions 


Temperature Range ................eee eee eee -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Output is short circuit protected to ground. Brief short circuits to ground will not degrade reliability, however continuous (100% duty cycle) 
output current must not exceed 30mA for maximum reliability. 


2. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +5V, Ay = +1, Rr = 510Q, R, = 100Q, Unless Otherwise Specified 
(NOTE 3) 
TEST | TEMP. 
LEVEL (°C) TYP UNITS 


ee Po 
CS PO A 
Common-Mode Rejection Ratio avom=21ev | A | 05 | 45 | 

vous [| A |e | 
favessviey [A | = | oo 
veecsiv [a es [a 
Ca a 


a 


= 
z= 
NO Be LH 
Non-Inverting Input Bias Current pA | , | po 
Power Supply Sensitivity TA | Tes a 
rece» [= | 
oe a a 

=e 

ed 

= 


PARAMETER TEST CONDITIONS 
INPUT CHARACTERISTICS 


Input Offset Voltage 


He 
le 
< 


>| ri] > 


Input Offset Voltage 
Power Supply Rejection Ratio 


> 


>] > 


Non-Inverting Input Bias Current 


aNuuE 


Non-Inverting Input Resistance 


Inverting Input Bias Current 


N 
on 


Inverting Input Bias Current Drift 


on — = on on > & 
he) oO oO oO fee) tee) 


ae 


“ 
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Electrical Specifications Vsypp,y = +5V, Ay = +1, Rr = 510Q, R;, = 100Q, Unless Otherwise Specified (Continued) 


(NOTE 3) 
TEST 
PARAMETER TEST CONDITIONS | LEVEL 


Inverting Input Bias Current AVcm = £1.8V 


Common-Mode Sensitivity AV +1.8V 
CM ==!- 


jee) 
on 


AVom = +1.2V 


ine) 
Oo 


Inverting Input Bias Current AVps = +1.8V 
Power Supply Sensitivit 

i AVps = +1.8V 

AVps =+1.2V 


Inverting Input Resistance 


NM 
ou 


' ' 
pS | © aS 
=] 5] ]3]e fafa 


eLELEL Ebel 
3/2] | lelolslslels 


Input Voltage Common Mode Range 
(Implied by Vig CMRR, +Rijn, and -lpias CMS Tests) 


Input Noise Voltage Density (Note 6) f = 100kHz 


Non-Inverting Input Noise Current Density (Note 6) f = 100kHz 


Inverting Input Noise Current Density (Note 6) f = 100kHz pANHz 


TRANSFER CHARACTERISTICS 


AC CHARACTERISTICS Re = 5102, Unless Otherwise Specified 


V = 0.2Vp_p, Note 6 
—_— ee ce ee 
er BO 


Ay = +10, Re = 1802 


(Vout = 5Vp-p at Ay = +2/-1, 
aVp.p at Ay= +1, Note 6) vet | P| | > | 


Gain Flatness To 25MHz 
(Ay = +2, Vout = 0.2Vp.p, Note 6) 


To 75MHz 
Gain Flatness 
(Ay = +1, +Rs = 5102, Voyrt = 0.2Vp-_p, Note 6) 


Minimum Stable gain 


Output Voltage Swing (Note 6) 
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Electrical Specifications Vsyppyy = +5V, Ay = +1, Rp = 510Q, R, = 1009, Unless Otherwise Specified (Continued) 


(NOTE 3) 
TEST 
PARAMETER TEST CONDITIONS | LEVEL 


Output Current (Note 6) 


Closed Loop Output Impedance (Note 6) 
Second Harmonic Distortion 
(VouT = 2Vp-p, Note 6) 


Third Harmonic Distortion 
(VouT = 2Vp-p, Note 6) 


TRANSIENT CHARACTERISTICS Ay = +2, Re = 510Q, Unless Otherwise Specified 


Rise and Fall Times 
Overshoot (Note 4) 
(Vout = 0 to 0.5V, Vin trise = 1Ns) 


Overshoot (Note 4) 
(Vout = 0.5Vp-p, VIN tRise = 1s) 


Slew Rate 
(VouT = 4Vp-p, Ay = +1, +Rg = 510Q) 


+SR 
+SR 


Slew Rate 
(Vout = 5Vp.p, Ay = +2) 


Slew Rate 
(VouT = 5Vp-p, Ay = -1) 


-SR (Note 5) 


Settling Time To 0.1% 


(VouT = +2V to OV step, Note 6) 


Differential Gain 
(f = 3.58MHz) 
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Electrical Specifications Vsyppyy = +5V, Ay = +1, Rr = 510, R; = 100Q, Unless Otherwise Specified (Continued) 


PARAMETER 


Differential Phase 
(f = 3.58MHz) 


POWER SUPPLY CHARACTERISTICS 


Power Supply Current 


NOTES: 


TEST CONDITIONS 


(NOTE 3) 
TEST | TEMP. 
LEVEL | (°C) TYP UNITS 


awison | 8 | & | [om | — [bounce 
maven | 8 | = | — [oo] — [omnes 


a= | fee fer [om 
ee 


3. Test Level: A. Production Tested; B. Typical or Guaranteed Limit Based on Characterization; C. Design Typical for Information Only. 


4. Undershoot dominates for output signal swings below GND (e.g., 0.5Vp_p), yielding a higher overshoot limit compared to the Voyt = 0 
to 0.5V condition. See the “Application Information” section for details. 


5. Slew rates are asymmetrical if the output swings below GND (e.g. a bipolar signal). Positive unipolar output signals have symmetric 
positive and negative slew rates comparable to the +SR specification. See the “Application Information” section, and the pulse response 


graphs for details. 
6. See Typical Performance Curves for more information. 


Application Information 


Optimum Feedback Resistor 


Although a_ current feedback amplifiers bandwidth 
dependency on closed loop gain isn’t as severe as that of a 
voltage feedback amplifier, there can be an appreciable 
decrease in bandwidth at higher gains. This decrease may 
be minimized by taking advantage of the current feedback 
amplifiers unique relationship between bandwidth and Rr. 
All current feedback amplifiers require a feedback resistor, 
even for unity gain applications, and Rg in conjunction with 
the internal compensation capacitor, sets the dominant pole 
of the frequency response. Thus, the amplifier’s bandwidth is 
inversely proportional to Re The HFA1105 design is 
optimized for Re = 510Q at a gain of +2. Decreasing Re 
decreases stability, resulting in excessive peaking and 
overshoot (Note: Capacitive feedback will cause the same 
problems due to the feedback impedance decrease at higher 
frequencies). At higher gains, however, the amplifier is more 
stable so Re can be decreased in a trade-off of stability for 
bandwidth. 


The table below lists recommended Rr values for various 
gains, and the expected bandwidth. For a gain of +1, a 
resistor (+Rs) in series with +IN is required to reduce gain 
peaking and increase stability. 


GAIN BANDWIDTH 
(AcL) Rr (Q) (MHz) 


510 GR = S100 


Te fo 
a 


Non-inverting Input Source Impedance 


For best operation, the DC source impedance seen by the 
non-inverting input should be 250Q. This is especially impor- 
tant in inverting gain configurations where the non-inverting 
input would normally be connected directly to GND. 


Pulse Undershoot and Asymmetrical Slew Rates 


The HFA1105 utilizes a quasi-complementary output stage to 
achieve high output current while minimizing quiescent supply 
current. In this approach, a composite device replaces the 
traditional PNP pulldown transistor. The composite device 
switches modes after crossing OV, resulting in added 
distortion for signals swinging below ground, and an 
increased undershoot on the negative portion of the output 
waveform (See Figures 5, 8, and 11). This undershoot isn’t 
present for small bipolar signals, or large positive signals. 
Another artifact of the composite device is asymmetrical slew 
rates for output signals with a negative voltage component. 
The slew rate degrades as the output signal crosses through 
OV (See Figures 5, 8, and 11), resulting in a slower overall 
negative slew rate. Positive only signals have symmetrical 
slew rates as illustrated in the large signal positive pulse 
response graphs (See Figures 4, 7, and 10). 


PC Board Layout 


The amplifiers frequency response depends greatly on the 
care taken in designing the PC board. The use of low 
inductance components such as chip resistors and chip 
capacitors is strongly recommended, while a solid 
ground plane is a must! 


Attention should be given to decoupling the power supplies. 
A large value (10u.F) tantalum in parallel with a small value 
(0.1p.F) chip capacitor works well in most cases. 
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Terminated microstrip signal lines are recommended at the 
device’s input and output connections. Capacitance, para- 
sitic or planned, connected to the output must be minimized, 
or isolated as discussed in the next section. 


Care must also be taken to minimize the capacitance to 
ground at the amplifier’s inverting input (-IN), as this capaci- 
tance causes gain peaking, pulse overshoot, and if large 
enough, instability. To reduce this capacitance, the designer 
should remove the ground plane under traces connected to 
-IN, and keep connections to -IN as short as possible. 


An example of a good high frequency layout is the Evalua- 
tion Board shown in Figure 2. 


Driving Capacitive Loads 


Capacitive loads, such as an A/D input, or an improperly 
terminated transmission line will degrade the amplifier’s 
phase margin resulting in frequency response peaking and 
possible oscillations. In most cases, the oscillation can be 
avoided by placing a resistor (Rs) in series with the output 
prior to the capacitance. 


Figure 1 details starting points for the selection of this resis- 
tor. The points on the curve indicate the Rs and C, combina- 
tions for the optimum bandwidth, stability, and settling time, 
but experimental fine tuning is recommended. Picking a 
point above or to the right of the curve yields an overdamped 
response, while points below or left of the curve indicate 
areas of underdamped performance. 


Rs and C; form a low pass network at the output, thus limiting 
system bandwidth well below the amplifier bandwidth of 
270MHz (for Ay = +1). By decreasing Rs as C,_ increases (as 
illustrated in the curves), the maximum bandwidth is obtained 
without sacrificing stability. In spite of this, the bandwidth 
decreases as the load capacitance increases. For example, at 
Ay = +1, Rg = 62Q, C, = 40pF, the overall bandwidth is limited 
to 180MHz, and bandwidth drops to 75MHz at Ay = +1, 
Rs = 8Q, C, = 400pF. 


SERIES OUTPUT RESISTANCE (Q) 


0 50 100 150 200 250 300 350 400 


LOAD CAPACITANCE (pF) 


FIGURE 1. RECOMMENDED SERIES OUTPUT RESISTOR vs 
LOAD CAPACITANCE 


Evaluation Board 


The performance of the HFA1105 may be evaluated using 
the HFA11XX Evaluation Board. 


The layout and schematic of the board are shown in Figure 
2. To order evaluation boards (part number HFA11XXEVAL), 
please contact your local sales office. 


FIGURE 2A. TOP LAYOUT 


FIGURE 2B. BOTTOM LAYOUT 


FIGURE 2C. SCHEMATIC 


FIGURE 2. EVALUATION BOARD SCHEMATIC AND LAYOUT 
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Typical Performance Curves Vsyppiy = +5V, Rr = 5102, Ta = 25°C, R,, = 1002, Unless Otherwise Specified 
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Typical Performance Curves vsuppyy = +5V, Re = 510, Ta = 25°C, R, = 1002, Unless Otherwise Specified (Continued) 
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Typical Performance Curves Vsyppyy = +5V, Rr = 510, Ta = 25°C, R, = 1002, Unless Otherwise Specified (Continued) 
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Typical Performance Curves VsuppLy = +5V, Re = 510Q, Ta = 25°C, Ry = 1002, Unless Otherwise Specified (Continued) 
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Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
59 mils x 59 mils x 19 mils Type: Nitride 
1500um x 1500um x 483m Thickness: 4kA +0.5kA 
METALLIZATION: TRANSISTOR COUNT: 
Type: Metal 1: AlCu(2%)/TiW 75 


P 7 + 
Thickness: Metal 1: 8kA +0.4kA SUBSTRATE POTENTIAL (Powered Up): 


Type: Metal 2: AlCu(2%) 


Thickness: Metal 2: 16kA +0.8kA Floating 


(Recommend Connection to V-) 


Metallization Mask Layout 
HFA1105 


Sho hop! | 
5074SA01 

metry, 192 a0 
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Diane HFA1106 


315MHz, Low Power, Video Operational 


November 1996 Amplifier with Compensation Pin 
Features Description 
¢ Compensation Pin for Bandwidth Limiting The HFA1106 is a high speed, low power current feedback 


operational amplifier built with Harris’ proprietary comple- 
mentary bipolar UHF-1 process. This amplifier features a 
compensation pin connected to the internal high impedance 
High Input Impedance..............e0eeeeees 1MQ_ node, which allows for implementation of external clamping 
or bandwidth limiting. 


e Lower Lot-to-Lot Variability With External 
Compensation 


DORIOISNAl GAIN 6 osocscasckececsswnscvsvss 0.02% 
e Differential Phase................... 0.05 Degrees 


Bandwidth limiting is accomplished by connecting a capaci- 

tor (Ccomp) and series damping resistor (Roop) from pin 

e Wide -3dB Bandwidth ................008. 315MHz 8 to ground. Amplifier performance for various values of 
Ccomp is documented in the Electrical Specifications. 


* Very Fast SIQW RAG. ii oss ccc n ane asin 700V/us 
The HFA1106 is ideal for noise critical wideband applica- 
¢ Low Supply Current...........-.seeeeeeeee 5.8mA tions. Not only can the bandwidth be limited to minimize 
° Gain Flatness (to 100MHz) ...............-. +0.1dB broadband noise, the HFA1106 is optimized for lower feed- 
back resistors (RF = 100Q for Ay = +2) than most current 
A pp lications feedback amplifiers. The low feedback resistor reduces the 


inverting input noise current contribution to total output 
° Noise Critical Applications noise, while reducing DC errors as well. Please see the 


“Application Information” section for details. 
¢ Professional Video Processing 


Ordering Information 


PART NUMBER TEMP. 
(BRAND) RANGE (°C) 
HFA1106IP -40t085 |8LdPDIP 
HFA1106/B -40 to 85 8 Ld SOIC M8.15 
(H11061) 
HFA11XXEVAL DIP Evaluation Board for High Speed 
Op Amps 


e Medical Imaging 


¢ Video Digitizing Boards/Systems 


Radar/IF Processing 
¢ Hand Held and Miniaturized RF Equipment 


e¢ Battery Powered Communications 
e Flash A/D Drivers 


Oscilloscopes and Analyzers 


Pinout 
HFA1106 
(PDIP, SOIC) 
TOP VIEW 
| 
| 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3922.1 


Copyright © Harris Corporation 1996 3-550 
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Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- ........ 2. cece eee eee 11V. Thermal Resistance (Typical, Note 2) Oya (CCW) 
DC Input Voltage ........ 6... eee eee eee eee eee VSUPPLY PDIP Pai os sian ian oesnwkeesieenwes ens 130 
Differential Input Voltage. ........ 0... eee eee 8V SOIC Package.......... ccc cece cece eee ee ees 170 
Output Current (Note 1) ee ee Short Circuit Protected Maximum Junction Temperature (Die Only) ah dae Ol ee ea 175°C 
30mA Continuous Maximum Junction Temperature (Plastic Package) ........ 150°C 
60mA < 50% Duty Cycle Maximum Storage Temperature Range ......... -65°C to 150°C 
Fs 6 0065644507085 445 2.90004 b een bee oeeede >600V Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 
Operating Conditions 


Temperature Range ...............0 eee aee -40°C to 85°C 

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 

NOTES: 


1. Output is short circuit protected to ground. Brief short circuits to ground will not degrade reliability; however, continuous (100% duty cycle) 
output current must not exceed 30mA for maximum reliability. 


2. 8ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy =+5V, Ay = +1, Rr = 5102, Ccomp = OpF, Ry. = 100Q, Unless Otherwise Specified 


(NOTE 3) TEMP. 
PARAMETER TEST CONDITIONS | TESTLEVEL| (°C) TYP UNITS 


INPUT CHARACTERISTICS 


[INPUT CHARACTERISTICS SSCS 
a se 


Average Input Offset Voltage Drift uV/°C 


Input Offset Voltage Common-Mode 
Rejection Ratio 


AVom = 1.8V 
AVow = £1.8V 
AVom = £1.2V 
AVps = +1.8V 
AVps = +1.8V 
AVps = +1.2V 


Input Offset Voltage Power Supply 
Rejection Ratio 


Non-Inverting Input Bias Current 


Non-Inverting Input Bias Current Drift 


c 


SIEFIEILe2 a 
a pd ed ie = E Sir 
ae ee * ie) o| >| > 


Full 


= 
5 
0] 
= 


AVps = +1.8V 1 
AVps = +1.8V 
AVps = +1.2V 
AVcm = +1.8V 
AVom = +1.8V 


AVcm = +1.2V 


Non-Inverting Input Bias Current 
Power Supply Sensitivity 


3 


Non-Inverting Input Resistance M 


Inverting Input Bias Current 


Inverting Input Bias Current Drift 


25 
<a 
25 
85 


M 


4 
> 


a 


pA 
PS 


AVcom = £1.8V 
AVom = +1.8V 
AVom = +1.2V 
AVps = t1.8V 
AVps = +1.8V 
AVps = +1.2V 


Inverting Input Bias Current 
Common-Mode Sensitivity 


pwA/V 
pA/V 
pA/V 


Inverting Input Bias Current Power 
Supply Sensitivity 


=| N 
Ota 


ae oe 
iF) Po 
| ae 
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ee 
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Electrical Specifications = Vsyppyy =+5V, Ay = +1, Rp = 510Q, Ccowp = OpF, Ry = 1002, Unless Otherwise Specified (Continued) 


(NOTE 3) TEMP. ! 
PARAMETER TEST CONDITIONS | TESTLEVEL| (°C) TYP UNITS 


Teveringrpuressence {SiS dt | rd mT 
a A OO 


Input Voltage Common Mode Range 
(Implied by Vig CMRR, +Rijn, and -lpjas 
CMS —— 


Se See ae Ss oe cM 
[NerinvoringinpitNose Curenibensiy[t=oome 4 8 | = | | 25 | | eam 
Tnverng hp neice CurentDensiy [r=oowe | 8 | == | | 2 | | eam 


TRANSFER CHARACTERISTICS 


[Open Loop Transimpedance Gan [A=1 so i = | - | mo] - | 
AC CHARACTERISTICS Ay = +2, Re = 1002, Roomp = 5122, Unless Otherwise — 

—————— a 
a ae ee ee 


a Sab Gap a 


OUTPUT CHARACTERISTICS Ay = +2, Re = 1002, Rcomp = 912, Unless Otherwise en 


Full $2.8 
Output Current Ay =-1, Ry = 50Q, 
Re = 510Q 


25, 85 
Closed Loop Output Impedance Pee 
Output Short Circuit Current 


Second Harmonic Distortion 
(10MHz, Vout = 2Vp-p) 


+3.4 


0. 


ro) 
N 


Third Harmonic Distortion 
(10MHz, Vout = 2Vp-p) 


Second Harmonic Distortion 
(20MHz, Vout = 2Vp-p) 


Third Harmonic Distortion 
(20MHz, Vout = 2Vp-p) 
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Electrical Specifications Vsyppyy = +5V, Ay = +1, Re = 5102, Coomp = OpF, Ry, = 100Q, Unless Otherwise Specified (Continued) 


(NOTE 3) TEMP. 
PARAMETER TEST CONDITIONS | TESTLEVEL| (°C) TYP UNITS 


TRANSIENT CHARACTERISTICS Ay =+2, Re = 1002, Roomwp = 512, Unless Otherwise Specified 


Co = 2pF 
Cc = 5pF 
VouT = 250MVp.p 
Vout = OV to 2V 
VouT = 250MVp.p 
Vout = OV to 2V 
Slew Rate +SR, Cc = OpF 
(Vout = 4Vp-p, Ay = +1, Re = 150) “SR, Cc = OpF 
+SR, Cc = 2pF 
-SR, Co = 2pF 
+SR, Cc = 5pF 
-SR, Cc = 5pF 
Slew Rate +SR, Cc = OpF 
(VouT = 5Vp-p, Ay = +2) “SR, Cc = OpF 
+SR, Cc = 2pF 
-SR, Co = 2pF 
+SR, Cc = 5pF 
-SR, Cc = 5pF 
Settling Time To 0.1% 
eae 
Cc = OpF to 5pF) ee 
To 0.02% 
Overdrive Recovery Time 
VIDEO CHARACTERISTICS Ay = +2, Re = 1002, Roowp = 512, Unless Otherwise Specified 
Differential Gain Co = OpF 
(f = 3.58MHz, Ry = 1502) Co = 5pF 
Differential Phase Co = OpF 
(f = 3.58MHz, Ri = 150Q) Co = 5pF 


POWER SUPPLY CHARACTERISTICS 
Power Supply Range 


Rise and Fall Times 
(Vout = 0.5Vp.p, Ay = +1, Re = 150Q) 


Rise and Fall Times 
(VouT = 0.5Vp-p, Ay = +2) 


ov) 
ne) 


Overshoot (Note 4) 4 % 


(Ay = +1, Re = 150Q, Vin trisg = 2.5ns) 


Overshoot (Note 4) 
(Ay = +2, Vin trise = 2.5ns) 


680 


33 


on on 
we © nN 
ce i es 
ot 
= 
t= 
w 


‘| 


C2 

ie 
ee ed 
ee ee 
a 
a 


oo p45 | - | a5 | ov 
Power Supply Current OS ee 

| Fu | - | 59 | 63 | m_| 
NOTES: 


3. Test Level: A. Production Tested; B. Typical or Guaranteed Limit Based on Characterization; C. Design Typical for Information Only. 


4. Undershoot dominates for output signal swings below GND (e.g. 2Vp-_p) yielding a higher overshoot limit compared to the Voyrt = OV to 
2V condition. 
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Application Information 
Optimum Feedback Resistor 


All current feedback amplifiers (CFAs) require a feedback 
resistor (RF) even for unity gain applications, and Re in 
conjunction with the internal compensation capacitor sets 
the dominant pole of the frequency response. Thus the 
amplifiers bandwidth is inversely proportional to Rr The 
HFA1106 design is optimized for Re = 150Q at a gain of +1. 
Decreasing Rr decreases stability resulting in excessive 
peaking and overshoot - Note: Capacitive feedback causes 
the same problems due to the feedback impedance 
decrease at higher frequencies. At higher gains, however, 
the amplifier is more stable, so Re can be decreased in a 
trade-off of stability for bandwidth (e.g., Re = 100Q for 
Ay = +2). 


Why Use Externally Compensated Amplifiers? 


Externally compensated op amps were originally developed 
to allow operation at gains below the amplifiers minimum 
stable gain. This enabled development of non-unity gain sta- 
ble op amps with very high bandwidth and slew rates. Users 
needing lower closed loop gains could stabilize the amplifier 
with external compensation if the associated performance 
decrease was tolerable. 


With the advent of CFAs, unity gain stability and high perfor- 
mance are no longer mutually exclusive, so why offer unity 
gain stable op amps with compensation pins? 


The main reason for external compensation is to allow users 
to tailor the amplifiers performance to their specific system 
needs. Bandwidth can be limited to the exact value required, 
thereby eliminating excess bandwidth and its associated 
noise. A compensated op amp is also more predictable; 
lower lot-to-lot variation requires less system overdesign to 
cover process variability. Finally, access to the internal high 
impedance node allows users to implement external output 
limiting or allows for stabilizing the amplifier when driving 
large capacitive loads. 


Noise Advantages - Uncompensated 


The HFA1106 delivers lower broadband noise even without 
an external compensation capacitor. Package capacitance 
present at the Comp pin stabilizes the op amp, so lower 
value feedback resistors can be used. A smaller value Re 
minimizes the noise voltage contribution of the amplifiers 
inverting input noise current - Ij x Re, usually a large con- 
tributor on CFAs - and minimizes the resistor’s thermal noise 
contribution (4KTRe). Figure 1 details the HFA1105 broad- 
band noise performance in its recommended configuration 
of Ay = +2, and Re = 510Q. Adding a Comp pin to the 
HFA1105 (thereby creating the HFA1106) yields the 23% 
noise reduction shown in Figure 2. In both cases, the scope 
bandwidth, 100MHz, limits the measurement range to pre- 
vent amplifier bandwidth differences from affecting the 
results. 
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FIGURE 2. HFA1106 NOISE PERFORMANCE, 
UNCOMPENSATED, Ay = +2, Re = 100 


Offset Advantage 


An added advantage of the lower value Rr is a smaller DC 
output offset. The op amp’s inverting input bias current (Ip)) 
flows through the feedback resistor and generates an offset 
voltage error defined by: 


Reducing Rr reduces these errors. 
Bandwidth Limiting 


The HFA1106 bandwidth may be limited by connecting a 
resistor, Rcomp (required to damp the interaction between 
the compensation capacitor and the package parasitics), 
and capacitor, Ccowyp , in series from pin 8 to GND. Typical 
performance characteristics for various Cooyyp values are 
listed in the specification table. The HFA1106 is already unity 
gain stable, so the main reason for limiting the bandwidth is 
to reduce the broadband noise. 


Noise Advantages - Compensated 


System noise reduction is maximized by limiting the op amp to 
the bandwidth required for the application. Noise increases as 
the square root of the bandwidth increase (4x bandwidth 
increase yields 2x noise increase), so eliminating excess 
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bandwidth significantly reduces system noise. Figure 3 illustrates 
the noise performance of the HFA1106 with its bandwidth limited 
to 40MHz by a 10pF Ccomp As expected the noise decreases 
by approximately 37% (100% x (1-V40MHz/100MHz)) compared 
with Figure 2. The decrease is an even more dramatic 48% 
versus the HFA1105 noise level in Figure 1. 


| labs | abet | | |_| 
FIGURE 3. HFA1106 NOISE PERFORMANCE, 
COMPENSATED, Ay = +2, Rp = 1000, Cc = 10pF 


Additionally, compensating the HFA1106 allows the use of a 
lower value Re for a given gain. The decreased bandwidth 
due to Ccomp keeps the amplifier stable by offsetting the 
increased bandwidth from the lower Re. As noted previously, 
a lower value Re provides the double benefit of reduced DC 
errors and lower total noise. 


Less Lot-to-Lot Variability 


External compensation provides another advantage by 
allowing designers to set the op amp’s performance with a 
precision external component. On-chip compensation 
capacitors can vary by 10-20% over the process extremes. A 
precise external capacitor dominates the on-chip compensa- 
tion for consistent lot-to-lot performance and more robust 
designs. Compensating high frequency amplifiers to lower 
bandwidths can simplify design tasks and ensure long term 
manufacturability. 


PC Board Layout 


This amplifiers frequency response depends greatly on the 
care taken in designing the PC board. The use of low 
inductance components such as chip resistors and chip 
capacitors is strongly recommended, while a solid 
ground plane is a must! 


Attention should be given to decoupling the power supplies. 
A large value (10uF) tantalum in parallel with a small value 
(0.1L.F) chip capacitor works well in most cases. 


Terminated microstrip signal lines are recommended at the 
device’s input and output connections. Capacitance, para- 
sitic or planned, connected to the output must be minimized, 
compensated for by increasing Ccomp or isolated by a 
series output resistor. 


Care must also be taken to minimize the capacitance to 
ground at the amplifier’s inverting input (-IN), as this capaci- 
tance causes gain peaking, pulse overshoot, and if large 


enough, instability. To reduce this capacitance, the designer 
should remove the ground plane under traces connected to 
-IN, and keep connections to -IN as short as possible. 


An example of a good high frequency layout is the Evaluation 
Board shown in Figure 4. 


Evaluation Board 


The performance of the HFA1106 may be evaluated using 
the HFA11XX Evaluation Board. 


Figure 4 details the evaluation board layout and schematic. 
Connecting Rcowp and Ccomp in series from socket pin 8 
to the GND plane compensates the op amp. Cutting the 
trace from pin 8 to the Vij connector removes the stray paral- 
lel capacitance, which would otherwise affect the evaluation. 
Additionally, the 50092 feedback and gain setting resistors 
should be changed to the proper value for the gain being 
evaluated. 


To order evaluation boards (part number HFA11XXEVAL), 
please contact your local sales office. 


TOP LAYOUT 


510 510 


tury 0.1 "S 


FIGURE 4. EVALUATION BOARD SCHEMATIC AND LAYOUT 
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Typical Performance Curves Vsuyppuy = +5V, Ta = 25°C, Ry. = 1009, Unless Otherwise Specified 
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Typical Performance Curves Vsuppty = +5V, Ta = 25°C, Ry. = 100, Unless Otherwise Specified (Continued) 
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FIGURE 11. FREQUENCY RESPONSE 


Ay = +1 


eee 

Pca rain TH TT 

oo. 

ELLE ELTON 

HATH CIN 

a ee 
PT ETT LETITEN 

Sot 

fT TT EN 

HH FATT 


FREQUENCY (MHz) 


GAIN (dB) 


aa 


no =—-> —- 6 
yo @©&© 8 oOo 
ao an 


PHASE (DEGREES) 


ai 
So 
So 


1 


FIGURE 13. FREQUENCY RESPONSE (12 UNITS, 4 RUNS) 
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FIGURE 12. GAIN FLATNESS 
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FIGURE 14. GAIN FLATNESS (12 UNITS, 4 RUNS) 
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FIGURE 16. GAIN FLATNESS (12 UNITS, 4 RUNS) 
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Typical Performance Curves Vgyppvy = +5V, Ta = 25°C, Ry, = 1002, Unless Otherwise Specified (Continued) 
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FIGURE 17. SMALL SIGNAL PULSE RESPONSE FIGURE 18. SMALL SIGNAL PULSE RESPONSE 
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HFA1106 


Typical Performance Curves vsypp.y = +5V, Ta = 25°C, Ri, = 100, Unless Otherwise Specified (Continued) 


NORMALIZED GAIN (dB) 
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FIGURE 27. FREQUENCY RESPONSE (12 UNITS, 4 RUNS) FIGURE 28. GAIN FLATNESS (12 UNITS, 4 RUNS) 
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HFA1106 


Typical Performance Curves Vsuppty = +5V, Ta = 25°C, Ry = 100, Unless Otherwise Specified (Continued) 


OUTPUT VOLTAGE (mV) 
OUTPUT VOLTAGE (mV) 


TIME (10ns/DIV.) TIME (10ns/DIV.) 


FIGURE 29. SMALL SIGNAL PULSE RESPONSE FIGURE 30. SMALL SIGNAL PULSE RESPONSE 
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HFA1106 


Typical Performance Curves VsuppLy = +5V, Ta = 25°C, Ry = 100, Unless Otherwise Specified (Continued) 
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FIGURE 37. FREQUENCY RESPONSE (12 UNITS, 4 RUNS) FIGURE 38. GAIN FLATNESS (12 UNITS, 4 RUNS) 
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Typical Performance Curves Vgsyppry = +5V, Ta = 25°C, Ry, = 1002, Unless Otherwise Specified (Continued) 
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FIGURE 41. SETTLING RESPONSE FIGURE 42. OUTPUT VOLTAGE vs TEMPERATURE 
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FIGURE 43. SUPPLY CURRENT vs SUPPLY VOLTAGE 
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HFA1106 


Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 

59 mils x 58.2 mils x 19 mils Type: Nitride — 

1500um x 1480um x 483um Thickness: 4kA +0.5kA 
METALLIZATION: TRANSISTOR COUNT: 


Type: Metal 1: AlCu(2%)/TiW 75 


Thickness: Metal 1: 8kA +0.4kA SUBSTRATE POTENTIAL (Powered Up): 
Type: Metal 2: AlCu(2 %). 


Floatin 
Thickness: Metal 2: 16kA +0.8kA g 


(Recommend Connection to V-) 


Metallization Mask Layout 
HFA1106 


qo 


SRJ RJD 
SO749A02 
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A1109, HFA1149 


5 50MHz, Low Power, Current Feedback 
Operational Amplifiers 


Features Description 


e Wide - 3dB Bandwidth (Ay = +2)............ 550MHz The HFA1109, and HFA1149 are high speed, low power, 

. ; current feedback amplifiers built with Harris’ proprietary 

Gain Flatness (To 250MHZ)...............+.- 0.5dB complementary bipolar UHF-1 process. These amplifiers 

¢ Very Fast Slew Rate (Ay = +2)............. 1200V/us feature a unique combination of power and performance 
specifically tailored for video applications. 


¢ High Input Impedance.................000- 1.7MQ 
: ; . The HFA1109 is a standard pinout op amp. It is a higher 
¢ Differential Gain/Phase......... 0.02%/0.02 Degrees performance, drop-in replacement (no feedback resistor 
¢ Low Supply Current ............00ceeeeeeee 10mA change required) for the CLC409. 
¢ Fast Output Enable/Disable (HFA1149) The HFA1149 incorporates an output disable pin which is 
TTL/CMOS compatible, and user programmable for polarity 
Applications (active high or low). This feature eliminates the inverter 
required between amplifiers in multiplexer configurations. 
e Professional Video Processing The ultra-fast (10ns) enable and disable times make the 


HFA1149 the obvious choice for pixel switching and other 
high speed multiplexing applications. The HFA1149 is a high 
¢ Medical Imaging performance, pin compatible upgrade for the popular HA-5020 
and HFA1145, as well as the CLC410. 


Ordering Information 
PART NUMBER TEMP. 
(BRAND) RANGE (°C) 
HFA1109IP HFA1149IP | -40to85 |8LdPDIP 
HFA11091B, HFA1149IB | -40to85 |8LdSOIC M8.15 
(H11091, H11491) 
HFA11XXEVAL DIP Evaluation Board for High Speed Op 
Amps 


e Video Switchers and Routers 


e PC Multimedia Systems 
e Video Pixel Switching (HFA1149) 


¢ Video Distribution Amplifiers 
e Flash Converter Drivers 


¢ Radar/IF Processing 


Pinouts 


HFA1109 (PDIP, SOIC) HFA1149 PIN DESCRIPTIONS 
TOP VIEW 


| PINNAME — DESCRIPTION 


Threshold Set | Optional Logic Thresoid Set. Maintains Disable Pin 

TTL Compatibility with Asymmetrical Supplies (e.g., 
Polarity Set | Defines Polarity of Disable Input. High or Floating 
Selects Active Low Disable (i.e., DIS). 


+10V, OV). 
DIS/DIS 


TTL Compatible Disable Input. Output is Driven to a 
True Hi-Z State When Active. Polarity depends on 
state of Polarity Set Pin. 


OP AMP 


HFA1149 (PDIP, SOIC) 
TOP VIEW 


HFA1149 DISABLE FUNCTIONALITY 


POLARITY SET 
(PIN 5) DISABLE (PIN 8) | OUTPUT (PIN 6) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 401 9 1 
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OP AMP WITH DISABLE 


HARRIS HFA1110 © 


750MHz, Low Distortion 
November 1996 Unity Gain, Closed Loop Buffer 


Features Description 


e Wide -3dB Bandwidth The HFA1110 is a unity gain closed loop buffer that achieves 
-3dB bandwidth of 750MHz, while offering excellent video 
performance and low distortion. Manufactured on Harris’ 
Fast Settling Time (0.2%) proprietary complementary bipolar UHF-1 process, the 
HFA1110 also offers very fast slew rate, and high output 
High Output Current current. It is one more example of Harris’ intent to enhance 
. its leadership position in products for high speed signal 

Fixed Gain of +1 processing applications. 9 


Gain Flatness (100MHz) The HFA1110’s settling time of 11ns to 0.1%, low distortion 
Differential Phase and ability to drive capacitive loads make it an ideal flash A/D 
driver. 


e Very Fast Slew Rate 


Differential Gain 
The HFA1110 is an enhanced, pin compatible upgrade for 


3rd Harmonic Distortion (50MHz) the AD9620, AD9630, CLC110, EL2072, BUF600 and 
BUF601. 


For buffer applications requiring a standard op amp pinout, 
. . or selectable gain (-1, +1, +2), see the HFA1112 data sheet. 
Applications For output limiting see the HFA1113 datasheet. 


3rd Order Intercept (100MHz) 


e Video Switching and Routing For military grade product please refer to the HFA1110/883 
data sheet. 


OPERATIONAL 
AMPLIFIERS 


e RF/IF Processors 
¢ Driving Flash A/D Converters Ordering Information 


¢ High-Speed Communications OT ERAN) R AeE #03 L patie: | ae 
* Impedance Transformation HFA1110lJ -40t085 |8LdCERDIP |F8.3A 
¢ Line Driving HFA11101P -40to85 |8Ld PDIP 


e Radar Systems HFA11101B -40to85 |8Ld SOIC M8.15 
(H11101) 


HFA1110EVAL High Speed Buffer DIP Evaluation Board 


Pinout © , Pin Descriptions 


HFA1110 PIN 
(PDIP, CERDIP, SOIC) NUMBER DESCRIPTION 


TOP VIEW ns 
Optional Positive Supply 


ee 
(8 | Optona Negative Sunny | 
ee 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2944. 5 
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HFA1110 


Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- ... 0.0... cece cee eee eee 12V Thermal Resistance (Typical, Note 1) Oya (CCIW) 8yc (CCW) 
DC Input Voltage ......... cece cence cree eee eeee VSUPPLY CERDIP PACKag® .icciciavcnavcss 120 35 
QUpU CUNOM < sidecases niente owes acewe tee evans 60mA PUP PaChaGe «oc cewcncvewedewnwes 98 N/A 
SOIC POCKAQG:. «ci cce cs vs cewann x 158 N/A 
Operating Conditions Maximum Junction Temperature (Ceramic Package)......... 175°C 
5 0 Maximum Junction Temperature (Plastic Package) ........ 150°C 
Temperature Range ............... ee ee ee eee -40°C to 85°C Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 6ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +5V, Ry, = 1002, Unless Otherwise Specified 


PARAMETER TEST CONDITIONS TEMP (°C) | MIN | TYP | MAX | UNITS 


INPUT CHARACTERISTICS 
Output Offset Voltage (Note 2) 


nm 

oO 
fe 
a 
sis 
<i < 


Full 
Output Offset Voltage Drift Full 


PSRR 


So 
< 
x) 
.@) 


Ww 
ce) 


—_ 
(oe) += 


Full 2 


= 
= 
a 
=m 
N 


100kHz 
100kHz 


Input Noise Voltage (Note 2) 


nN 
oO 


Input Noise Current (Note 2) 


nN 
oa 


—_ 


o; 
S 
= 


Input Bias Current (Note 2) 
Full 


nN 
on 


= 
: 


Input Resistance 


Nm 
on 


no) 
i | 


Input Capacitance 
TRANSFER CHARACTERISTICS 
Gain VouT = 2Vp-p 


Se 
a 


Ouiput Voltage (Note 2) ye ae oe ee ny 
SO 


ee 


AC CHARACTERISTICS 


-3dB Bandwidth (Note 2) VouT = 0.2Vp.p 
Slew Rate VouT = 5Vp-p 
Full Power Bandwidth (Note 2) Vout = 4Vp-p 


Gain Flatness (Note 2) To 100MHz 
To 30MHz 


Linear Phase Deviation (Note 2) | DC to 100MHz 
2nd Harmonic Distortion (Note 2) | 50MHz, Voyt = 2Vp-p 


So | 
e) oO 
33 
>| > 


ie) 
oO 


NM] Mm ie) 
I+ 
(o) 
oO 
id) 


nN 
on 
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HFA1110 


Electrical Specifications Vsyppyy = +5V, Ry, = 1009, Unless Otherwise Specified (Continued) 


[PARAMETER | _TESTCONDITIONS | TEMP(’O)[ MN | TYP_| WAX | UNTS | 
[sa Harrone Disorion (Nowe2) | sonra, Vour=Wep |__| | |_| «ee _ 
[ad Orderitrcept Note?) | ioowz————SSSC*dSCs EYP 
[1a Gain Compression [ioommz————S—~dCSs Pd 
[Reverse Gain Siz, Notea) [100MM Vour= Wee | 2 | - |» | | # 


Overshoot (Note 2) VouT = 1.0V Step, Input Signal 
Rise/Fall = ins 


3.58MHz, R, = 752 
3.58MHz, R, = 75Q 


2. See Typical Performance Curves for more information. 


Application Information 


PC Board Layout 


The frequency performance of this amplifier depends a great 
deal on the amount of care taken in designing the PC board. 
The use of low inductance components such as chip 
resistors and chip capacitors is strongly recommended, 
while a solid ground plane is a must! 


BOTTOM LAYOUT 


Attention should be given to decoupling the power supplies. 
A large value (10y.F) tantalum in parallel with a small value 
chip (0.1.F) capacitor works well in most cases. 


Terminated microstrip signal lines are recommended at the 
input and output of the device. Output capacitance, such as 
that resulting from an improperly terminated transmission 
line will degrade the frequency response of the amplifier and 
may cause oscillations. In most cases, the oscillation can be 
avoided by placing a resistor (Rg) in series with the output. 
See the “Recommended RS vs Load Capacitance” graph for 
specific recommendations. 


An example of a good high frequency layout is the TOP LAYOUT 


Evaluation Board shown below. 
Evaluation Board HARRIS SEMICONDUCTOR 


An evaluation board is available for the HFA1110 (part se 
number HFA1110EVAL). Please contact your local sales 
office for information. 


The layout and schematic of the board are shown here: 


> OUT 


SCHEMATIC DIAGRAM 
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OPERATIONAL 
AMPLIFIERS 


HFA1110 


Typical Performance Curves  \Vsyppiy = +5V, Ta = 25°C, Ry = 100, Unless Otherwise Specified 
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HFA1110 


Typical Performance Curves  Vsyppty = +5V, Ta = 25°C, Ri. = 1009, Unless Otherwise Specified (Continued) 
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FIGURE 7. GAIN FLATNESS 
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FIGURE 9. REVERSE GAIN AND PHASE (S19) 
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FIGURE 11. SECOND HARMONIC DISTORTION vs Poyt 
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FIGURE 8. DEVIATION FROM LINEAR PHASE 


FREQUENCY (MHz) 


FIGURE 10. TWO-TONE, THIRD ORDER INTERMODULATION 
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FIGURE 12. THIRD HARMONIC DISTORTION vs Pout 
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HFA1110 


Typical Performance Curves Vsuppty = +5V, Ta = 25°C, R,_ = 100Q, Unless Otherwise Specified (Continued) 
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Typical Performance Curves VsuppLy = +5V, Ta = 25°C, R,. = 1009, Unless Otherwise Specified (Continued) 
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FIGURE 19. BIAS CURRENT vs TEMPERATURE FIGURE 20. OFFSET VOLTAGE vs TEMPERATURE 
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HFA1110 


Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
63 mils x 44 mils x 19 mils Type: Nitride 
1600um x 1130um x 483m Thickness: 4kA +0.5kA 
METALLIZATION: TRANSISTOR COUNT: 
Type: Metal 1: AlCu(2%)/TiW 52 


Thickness: Metal 1: 8kA +0.4kA 


Type: Metal 2: AlCu(2%) 
Thickness: Metal 2: 16kA +0.8kA 


SUBSTRATE POTENTIAL (Powered Up): 


Floating (Recommend Connection to V-) 


Metallization Mask Layout 
HFA1110 


" 50070A 


_ S0070A0% 
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HARRIS HFA1112 


850MHz, Low Distortion 
November 1996 Programmable Gain Buffer Amplifier 


Features Description 


e User Programmable for Closed-Loop Gains of +1,-1or The HFA1112 is a closed loop Buffer featuring user 
+2 without Use of External Resistors programmable gain and ultra high speed performance. 

, ; Manufactured on Harris’ proprietary complementary bipolar 
Wide a GaRCaricth UHF-1 process, the HFA1112 offers a wide -3dB bandwidth 
Very Fast Slew Rate of 850MHz, very fast slew rate, excellent gain flatness, low 


; ; distortion and high output current. 
Fast Settling Time (0.1%) 


A unique feature of the pinout allows the user to select a volt- 
age gain of +1, -1, or +2, without the use of any external 
Excellent Gain Accuracy i components. Gain selection is accomplished via connec- 

| tions to the inputs, as described in the “Application Informa- 
Overdrive Recovery tion” section. The result is a more flexible product, fewer part 


Standard Operational Amplifier Pinout types in inventory, and more efficient use of board space. 


Compatibility with existing op amp pinouts provides flexibility to 
Applications upgrade low gain amplifiers, while decreasing component 
count. Unlike most buffers, the standard pinout provides an 
upgrade path should a higher closed loop gain be needed at a 


Driving Flash A/D Converters future date. 


High-Speed Communications This amplifier is available with programmable output limiting 

as the HFA1113. For applications requiring a standard buffer 
Impedance Transformation pinout, please refer to the HFA1110 datasheet. For Military 
product, refer to the HFA1112/883 data sheet. 


High Output Current 


e RF/IF Processors 


OPERATIONAL 
AMPLIFIERS 


Line Driving 
Video Switching and Routing Ordering Information 


ce] 
Medical Imaging Systems (BRAND) RANGE ("C) 
Related Literature 


HFA11121B -40to85 |8LdSOIC M8.15 
(H11121) 


HFA11XXEVAL High Speed Op Amp DIP Evaluation Board 


Pinout Pin Descriptions 


HFA1112 PIN 
(PDIP, CERDIP, SOIC) NUMBER DESCRIPTION 
TOP VIEW 
a 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2992. 4 
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HFA1112 


Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- ... 2.0.2.2... .. cee eee eee eee 12V Thermal Resistance (Typical, Note 1) Oya (CCIW) 8yc (PCCW) 
WIP VOUBOO.. a kksscccecass sanbasevessusweameens VSUPPLY CERDIP PECKSQ6 ...0vccesnseenes 120 35 
SU SE nk ia She otw cn Oh DER eR eRe Tee eae wenes 60mA POP PEGMAGD « cuciuin cen ceneumn eas 98 N/A 
SUI PHGKAQG. ccs ccc cece an wn bus 170 N/A 
Operating Conditions Maximum Junction Temperature (Ceramic Package and Die) .. 175°C 
6 6 Maximum Junction Temperature (Plastic Package) ........ 150°C 
Temperature RANG ...ccnsckccaseecavvuweens -40°C to 85°C Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +5V, Ay = +1, Ry = 100, Unless Otherwise Specified 


PARAMETER TESTCONDITIONS | TEMP(°C)| MIN | TYP | MAX | UNITS 


INPUT CHARACTERISTICS 
= 


PSRR 25 39 } dB 
Non-Inverting Input Noise Current (Note 3) | 100kHz 37 pA/VHz 


Non-Inverting Input Bias Current 
Full 


uo 


Non-Inverting Input Resistance 


nN 
on 


NS no 
on 


Inverting Input Resistance (Note 2) 300 


nN 
a 


Input Capacitance 


foe] 


Input Common Mode Range Full 
TRANSFER CHARACTERISTICS 


Gain 


3 
0.980 1 
0.975 


0.990 


z 
ul 
7 

= 

z 
ul 
+ 
Le) 
< 


Full 
Gain 


Full 


= 

z 
ul 
+ 
—_ 
< 
ie) 
o>) 


= 
ul 

+ 

a) 


DC Non-Linearity (Note 3) 
OUTPUT CHARACTERISTICS 
Output Voltage (Note 3) Ay =-1 5 
Full 
25, 85 


Ay = +2, +2V Full Scale 


+3.0 
+2.5 


+3.3 
+3.0 


Output Current (Note 3) R, = 502 


b 1) 
Oo 
ro 


2 
wo 


Closed Loop Output Impedance 
POWER SUPPLY CHARACTERISTICS 
Supply Voltage Range 


DC, Ay = +2 


60 
.02 
Full +4 9.5 


o 


+ 


pA 
pA 
kQ 
Q 
pF 
V 
VV 
VV 
2.04 VV 
VV 
% 
V 
V 
mA 
mA 
Q 
V 
Supply Current (Note 3) mA 
mA 


Full 33 
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Electrical Specifications Vsyppyy = +5V, Ay = +1, Ry = 100, Unless Otherwise Specified (Continued) 


PARAMETER TEST CONDITIONS | TEMP(°C)| MIN | TYP | MAX | UNITS 


AC CHARACTERISTICS 


-3dB Bandwidth 
(VouT = 0.2Vp_p, Notes 2, 3) 


= 
lI 
at 
nN 
on 


> 
< 
+ 
Ae) 
Oe BAe) 


Slew Rate 
(VouT = 5Vp-p, Note 2) 


= 
i] 

+ 

Nm 
N 
ao 


Full Power Bandwidth 
(VouT = 5Vp-p, Note 3) 


Ay = +2 220 MHz 


(to 30MHz, Notes 2, 3) 


& 
ro) 
pars 
on 


oO 
ro) 
B 
= 
= 
N 


Gain Flatness 
(to 50MHz, Notes 2, 3) 


(100MHZz, Vout = 2Vp-p, Notes 2, 3) dBc 


dBc 


[2007 [ 2022 
Linear Phase Deviation | 4018 fo Degrees 
(to 100MHz, Note 3) coal +083 [| - Degrees 
Ay =+2 | 4005 fo - Degrees 
2nd Harmonic Distortion | 62 0-dfe Bc 
(SOMHz, Vout = 2Vp-p, Notes 2, 3) haa a Be 
ee 
3rd Harmonic Distortion -71 po dBc 
(S0MHz, Vout = 2Vp-p, Notes 2, 3) Ay = +1 73 [| dBc 
Ay = +2 72 | -65 | dBc 
2nd Harmonic Distortion -47 poe | dBc 
(50MHz, Vout = 2Vp-p, Notes 2, 3) Papal 53 a dBe 
3rd Harmonic Distortion -63 P| dBc 
lal ial — ae 
ee 
2nd Harmonic Distortion eae dBc 
(100MHz, Vout = 2Vp-p, Notes 2, 3) hou) i ee oe 
Ay = +2 | 420 «| 85 dBc 
3rd Harmonic Distortion 55 
| 49 
| 62 


3rd Order Intercept 100MHz 
(Ay = +2, Note 3) 300MHz 
1dB Compression 100MHz 
naib s0oMHz 


ar 
w 


ail, 
nm 
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Electrical Specifications Vsyppyy =+5V, Ay = +1, Ry = 100Q, Unless Otherwise Specified (Continued) 


PARAMETER TEST CONDITIONS | TEMP(°C)| MIN | TYP | MAX | UNITS 


Reverse Isolation 
(S42, Note 3) 


Rise Time 
(VouT = 0.5V Step, Note 2) 


Rise Time 
(Vout = 2V Step) 


Overshoot 
(Vout = 0.5V Step, Input tra/te = 200ps, 
Notes 2, 3, 4) 


0.1% Settling Time (Note 3) 


Ca 


SN 

[=) 

io) 
N 
oi 
oO 


x] 3 


° 


Ps 


© 
ro) 
5 


| 1000 
ae 
= 
we 
Fae 
| 20 | 
ee 
a 
a 
es 
a 
Le 
ee 


2. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 


3. See Typical Performance Curves for more information. 


4. Overshoot decreases as input transition times increase, especially for Ay = +1. Please refer to Typical Performance Curves. 


Application Information 
Closed Loop Gain Selection 


The HFA1112 features a novel design which allows the user 
to select from three closed loop gains, without any external 
components. The result is a more flexible product, fewer part 
types in inventory, and more efficient use of board space. 


This “buffer” operates in closed loop gains of -1, +1, or +2, and 
gain selection is accomplished via connections to the +inputs. 
Applying the input signal to +IN and floating -IN selects a gain 
of +1, while grounding -IN selects a gain of +2. A gain of -1 is 
obtained by applying the input signal to -IN with +IN grounded. 


The table below summarizes these connections: 


CONNECTIONS 
GAIN 


os 
ee 
ee 


PC Board Layout 


The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 
use of low inductance components such as chip resis- 
tors and chip capacitors is strongly recommended, 
while a solid ground plane is a must! 


Attention should be given to decoupling the power supplies. 
A large value (10uF) tantalum in parallel with a small value 
(0.1L.F) chip capacitor works well in most cases. 


Terminated microstrip signal lines are recommended at the 
input and output of the device. Capacitance directly on the 
output must be minimized, or isolated as discussed in the 
next section. 


For unity gain applications, care must also be taken to mini- 
mize the capacitance to ground seen by the amplifier’s 
inverting input. At higher frequencies this capacitance will 
tend to short the -INPUT to GND, resulting in a closed loop 
gain which increases with frequency. This will cause exces- 
sive high frequency peaking and potentially other problems 
as well. 


An example of a good high frequency layout is the Evalua- 
tion Board shown in Figure 2. 
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Driving Capacitive Loads 


Capacitive loads, such as an A/D input, or an improperly 
terminated transmission line will degrade the amplifier’s 
phase margin resulting in frequency response peaking and 
possible oscillations. In most cases, the oscillation can be 
avoided by placing a resistor (Rs) in series with the output 
prior to the capacitance. 


Figure 1 details starting points for the selection of this resis- 
tor. The points on the curve indicate the Rg and C, combina- 
tions for the optimum bandwidth, stability, and settling time, 
but experimental fine tuning is recommended. Picking a 
point above or to the right of the curve yields an overdamped 
response, while points below or left of the curve indicate 
areas of underdamped performance. 


Rs and C, form a low pass network at the output, thus 
limiting system bandwidth well below the amplifier band- 
width of 850MHz. By decreasing Rs as C_increases (as 
illustrated in the curves), the maximum bandwidth is 
obtained without sacrificing stability. Even so, bandwidth 
does decrease as you move to the right along the curve. 
For example, at Ay = +1, Rs = 50Q, C, = 30pF, the overall 
bandwidth is limited to 300MHz, and bandwidth drops to 
100MHz at Ay = +1, Rs = 5Q, Cy = 340pF. 


oo (Ay = +1) 
or 0Q (Ay = +2) 


Rg (Q) 


CNC 

St 
\= Se = 
0 40 80 120 160 200 240 280 320 360 400 


LOAD CAPACITANCE (pF) 


FIGURE 1. RECOMMENDED SERIES OUTPUT RESISTOR vs 
LOAD CAPACITANCE 


Evaluation Board 


The performance of the HFA1112 may be evaluated using 
the HFA11XX Evaluation Board, slightly modified as follows: 


1. Remove the 500Q feedback resistor (Ro), and leave the 
connection open. 
2. a. For Ay = +1 evaluation, remove the 500Q gain setting 
resistor (R), and leave pin 2 floating. 
b. For Ay = +2, replace the 500Q gain setting resistor with 
a 0Q resistor to GND. 
The layout and modified schematic of the board are shown 
in Figure 2. 


To order evaluation boards (part number HFA11XXEVAL), ° 


please contact your local sales office. 


TOP LAYOUT BOTTOM LAYOUT 


FIGURE 2. EVALUATION BOARD SCHEMATIC AND LAYOUT 


3-577 


OPERATIONAL 


AMPLIFIERS 


HFA1112 


Typical Performance Curves Vsuppty = +5V, Ta = 25°C, Ri = 100Q, Unless Otherwise Specified 


z S 
3 
Ss ar 
2 Ss 
> 
b- = 
~ a 
a = 
= s 
3 re) 
TIME (5ns/DIV.) TIME (S5ns/DIV.) 
FIGURE 3. SMALL SIGNAL PULSE RESPONSE FIGURE 4. LARGE SIGNAL PULSE RESPONSE 
E S 
o o 
< < 
ar ar 
Ss Ss 
: 
5 5 
fo) ie) 
TIME (5ns/DIV.) TIME (5ns/DIV.) 
FIGURE 5. SMALL SIGNAL PULSE RESPONSE FIGURE 6. LARGE SIGNAL PULSE RESPONSE 
z S 
3 3 
= ar 
a fe) 
fe) > 
= bE 
= a 
=) a 
a. = 
5 a 
ro) (e) 
TIME (5ns/DIV.) TIME (5ns/DIV.) 
FIGURE 7. SMALL SIGNAL PULSE RESPONSE FIGURE 8. LARGE SIGNAL PULSE RESPONSE 


3-578 


HFA1112 


Typical Performance Curves \Vsyppiy =+5V, Ta = 25°C, Ry, = 1002, Unless Otherwise Specified (Continued) 


Ay = +2, Vout = 200MVp.p Bie 


fo7) 


NORMALIZED GAIN (dB) 
ob b & 
Pe 
| | tT | ht 
— 
Ld 


NORMALIZED PHASE (DEGREES) 


Hllll 
UTI 
1 
FREQUENCY (MHz) 
FIGURE 9. FREQUENCY RESPONSE 


Ay = +1, Vout = 200MVp.p ZN NVI] 
SE ra 
eal 


GAIN (dB) 


FREQUENCY (MHz) 


FIGURE 11. FREQUENCY RESPONSE FOR VARIOUS LOAD 
RESISTORS 


—_ 
Le) 


yf het 
‘a 


TM LTTE | LETT | 
Treas TUT TTT TPA 
TI ETE ET ove EXIT] 
ee 25Vp.p 7IN| 
EL i OE 


HIE ull 
TC LI vee ANI 
s i -270 


GAIN (dB) 
oc WwW Df © 


PHASE (DEGREES) 


10 100 1000 
FREQUENCY (MHz) 


FIGURE 13. FREQUENCY RESPONSE FOR VARIOUS OUTPUT 
VOLTAGES 


GAIN (dB) 


Os 


ttl | | | | a 
Tiss Ww 
Oo 
lw 
a 
Ww 
” 
q 
= 
a 
FREQUENCY (MHz) 
FIGURE 10. FREQUENCY RESPONSE FOR VARIOUS LOAD 
RESISTORS 


GAIN (dB) 


ot LTT | 

P Ho 0 
CY PE me 
lt eesse UT TTP SST 
CUTE EET TTT ANT 
TE Al\\ 


0.3 1 10 100 1000 
FREQUENCY (MHz) 
FIGURE 12. FREQUENCY RESPONSE FOR VARIOUS LOAD 
RESISTORS 


Ri = ad 


PHASE (DEGREES) 


te" 
"al 


it coir al HL" 
a wt 


antl 
I ETT 
CUI TTT Vor er DME 


Vout = sae sa Waa s''ik 


ut 


FREQUENCY (MHz) 


FIGURE 14. FREQUENCY RESPONSE FOR VARIOUS OUTPUT 
VOLTAGES 
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Typical Performance Curves Vsyppvy = +5V, Ta = 25°C, Ri = 1002, Unless Otherwise Specified (Continued) 


GAIN (dB) 


0.3 


1000 
a — 


PHASE (DEGREES) 


FIGURE 15. FREQUENCY RESPONSE FOR VARIOUS OUTPUT 


BANDWIDTH (MHz) 


DEVIATION (DEGREES) 


VOLTAGES 


0 25 50 
TEMPERATURE (°C) 


75 


FIGURE 17. -3dB BANDWIDTH vs TEMPERATURE 


= 
s_{| | | | | | | | IN 


6 
0 


15 45 60 75 90 105 120 135 150 


FREQUENCY (MHz) 


FIGURE 19. DEVIATION FROM LINEAR PHASE 
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NORMALIZED GAIN (dB) NORMALIZED GAIN (dB) 


SETTLING ERROR (%) 


oS 99 


t 
ro) 
® Rh BDA O4MD A OD 


LJ 
2 


CA ETE 
CUNT TEE TT 
a 
CUM TIE EET 
LTS LI 
aH HU TTT vest ST TTL 
I 
CCIE PUTT 


000 


a (MHz) 


FIGURE 16. FULL POWER BANDWIDTH 


ee 


= AYN 
| ee al 
Lot TT} PE 


snibient (MHz) 


FIGURE 18. GAIN FLATNESS 


o © 


13 


18 23 28 33 38 
TIME (ns) 


43 


FIGURE 20. SETTLING RESPONSE 
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Typical Performance Curves § Vsypp.y = +5V, Ta = 25°C, Ry, = 1002, Unless Otherwise Specified (Continued) 


RO 

(7) 

oi 
ES) 


180 Ww 


ia 

> © 

a o 
PHASE (DEGR 


GAIN (dB) 


-60 
0 20 40 60 80 100 120 140 160 180 200 100 190 280 370 460 550 640 730 820 910 1000 
FREQUENCY (MHz) FREQUENCY (MHz) 
FIGURE 21. LOW FREQUENCY REVERSE ISOLATION (S;9) FIGURE 22. HIGH FREQUENCY REVERSE ISOLATION (S;>) 


nd 


—_ ah hk 
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OPERATIONAL 


OUTPUT POWER AT 1dB COMPRESSION (dBm) 
oN FO OSH FD De SB 
INTERCEPT POINT (dBm) 


FREQUENCY (MHz) FREQUENCY (MHz) 
FIGURE 23. 1dB GAIN COMPRESSION vs FREQUENCY FIGURE 24. 3rd ORDER INTERMODULATION INTERCEPT vs 
FREQUENCY 


DISTORTION (dBc) 
DISTORTION (dBc) 


OUTPUT POWER (dBm) OUTPUT POWER (dBm) 


FIGURE 25. 2nd HARMONIC DISTORTION vs Poyt FIGURE 26. 3rd HARMONIC DISTORTION vs Pout 
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Typical Performance Curves Vsyppyy = +5V, Ta = 25°C, R,_ = 1009, Unless Otherwise Specified (Continued) 


DISTORTION (dBc) 


PERCENT ERROR (%) 


OUTPUT POWER (dBm) 


FIGURE 27. 2nd HARMONIC DISTORTION vs Poyrt 


OUTPUT POWER (dBm) 


FIGURE 29. 2nd HARMONIC DISTORTION vs Poyrt 


0.04 


0.02 


0.02 


0.04 


INPUT VOLTAGE (V) 


FIGURE 31. INTEGRAL LINEARITY ERROR 
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OUTPUT POWER (dBm) 


FIGURE 28. 3rd HARMONIC DISTORTION vs Poyrt 


DISTORTION (dBc) 


OUTPUT POWER (dBm) 


FIGURE 30. 3rd HARMONIC DISTORTION vs Poyrt 


OVERSHOOT (%) 


100 300 500 700 900 1100 1300 
INPUT RISE TIME (ps) 


FIGURE 32. OVERSHOOT vs INPUT RISE TIME 
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Typical Performance Curves Vsyppry = +5V, Ta = 25°C, Ri = 1002, Unless Otherwise Specified (Continued) 


SUPPLY CURRENT (mA) OVERSHOOT (%) 


OUTPUT VOLTAGE (V) 


1100 1300 


INPUT RISE TIME (ps) 


FIGURE 33. OVERSHOOT vs INPUT RISE TIME 


a ae 


TOTAL SUPPLY VOLTAGE (V+ - V-, V) 


FIGURE 35. SUPPLY CURRENT vs SUPPLY VOLTAGE 


| F aheeaas | +Vout (R= 1002) 


l-VourT! i 2 A ee oe 
die aoe 


-0 -25 0 25 50 #75 100 125 
TEMPERATURE (°C) 


FIGURE 37. OUTPUT VOLTAGE vs TEMPERATURE 
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SUPPLY CURRENT (mA) 
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INPUT RISE TIME (ps) 
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FIGURE 34. OVERSHOOT vs INPUT RISE TIME 
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FIGURE 36. SUPPLY CURRENT vs TEMPERATURE 
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FREQUENCY (kHz) 


FIGURE 38. INPUT NOISE CHARACTERISTICS 
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Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 

63 mils x 44 mils x 19 mils Type: Nitride 

1600um x 1130um 483um Thickness: 4kA +0.5kA 
METALLIZATION: TRANSISTOR COUNT: 

Type: Metal 1: AlCu (2%)/TiW 52 

Thickness: Metal 1: 8kA +0.4kA SUBSTRATE POTENTIAL (Powered Up): 


Type: Metal 2: AlCu (2% 


' ; V- 
Thickness: Metal 2: 16kA +0.8kA Floating (Recommend Connection to V-) 


Metallization Mask Layout 
HFA1112 


' 50070A 


+IN 


NC 


. 50070A0% 


OUT 
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SEMICONDUCTOR 


HFA1113 


850MHz, Low Distortion, Output Limiting, 
Programmable Gain, Buffer Amplifier 


a 


November 1996 


Features 
e User Programmable Output Voltage Limiting 


e User Programmable For Closed-Loop Gains of +1, -1 
or +2 Without Use of External Resistors 


e Wide -3dB Bandwidth .................06- 850MHz 
Excellent Gain Flatness (to 100MHz)........+0.07dB 
¢ Low Differential Gain and Phase. ... 0.02%/0.04 Degrees 


¢ Low Distortion (HD3, 30MHZ) .............. -73dBc  |inear operation following an overdrive condition. 
¢ Very Fast Slew Rate ............seeeeeee 2400V/s A unique feature of the pinout allows the user to select a volt- 
e Fast Settling Time (0.1%) ........... 2c eeees 13ns ge gain of +1, -1, or +2, without the use of ay external 
components, as described in the “Application Information” 
¢ High Output Current ......... ccc ccccnnecees 60mA _ section. Compatibility with existing op amp pinouts provides 
P , flexibility to upgrade low gain amplifiers, while decreasing 7 
PRCOHGNE ON AOCMIBCY sn saneseaesessie as sialada component count. Unlike most buffers, the standard pinout < © 
e Overdrive Recovery..........cseceeeeeccees <ins_ provides an upgrade path should a higher closed loop gain Ss TT) 
we 
e Standard Operational Amplifier Pinout Be feesed até Mnite O6te Ee jj 
Component and composite video systems will also benefit 7 c., 
from this buffers performance, as indicated by the excellent oO. = 
gain flatness, and 0.02%/0.04 Degree Differential Oo 


Applications 


RF/IF Processors 


¢ Driving Flash A/D Converters 


High-Speed Communications 
e Impedance Transformation 
e Line Driving 


¢ Video Switching and Routing 


Radar Systems 


Medical Imaging Systems 


Pinout 


HFA1113 PIN 
(PDIP, CERDIP, SOIC) NUMBER DESCRIPTION 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 


Description 


The HFA1113 is a high speed Buffer featuring user program- 
mable gain and output limiting coupled with ultra high speed 
performance. This buffer is the ideal choice for high fre- 
quency applications requiring output limiting, especially 
those needing ultra fast overload recovery times. The output 
limiting function allows the designer to set the maximum 
positive and negative output levels, thereby protecting later 
stages from damage or input saturation. The sub-nanosec- 
ond overdrive recovery time quickly returns the amplifier to 


Gain/Phase specifications (Ry = 150). 
For Military product, refer to the HFA1113/883 data sheet. 


Ordering Information 


PART NUMBER TEMP. 
(BRAND) RANGE (°C) 
HFA1113MJ/883 | -55to125 |8LdCERDIP F8.3A 


HFA1113lJ 8 Ld CERDIP F8.3A 
HFA1113IP -40to85 |8Ld PDIP 


HFA11131B -40to85 |8LdSOIC M8.15 
(H1113]) 


HFA11XXEVAL DIP Evaluation Board For High Speed Op Amps 


Pin Descriptions 


EO 
ET 
a 
a ce 
es ce 


Positive Supply 
Upper Output Limit 


File Number 
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Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- .. 1.2... .... cee eee eee eee 12V. Thermal Resistance (Typical, Note 1) Oya (CCIW) 8yc (°C/W) 
NS NOU VOUROG cect nteneds endo eases nens hae was we VSUPPLY CEACIF PACKHOS 26 <cvandxaveness 120 35 
Voltage at Vy or V; Terminal.............. (V+) + 2V to (V-) - 2V POP PAGO oi4s ccc ciacesac@nse 98 N/A 
Output Current (50% Duty Cycle).................00008e 60mA SOIC PACKAUG. «sas caus saws awe os 158 N/A 
Maximum Junction Temperature (Ceramic Package and Die) . . 175°C 
Operating Conditions Maximum Junction Temperature (Plastic Package) ........ 150°C 
, a Maximum Storage Temperature Range ......... -65°C to 150°C 
Temperature Range ....... 2... ..sse esse eee, “40°C to 85°C Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +5V, Ay = +1, Ry = 100Q, Unless Otherwise Specified 


TEMP. 
PARAMETER TEST CONDITIONS | ee | awe | es Lome UNITS 


INPUT CHARACTERISTICS 


Output Offset Valiage a 
innaemensln GOI oe ace cee one ce 
[Output feet Vonage Dik ———SSC~sSCSCSC~C~“‘“‘~S*é*iC Sid Cr 
eae 
input Noise Vohage (Notes) ——~idvtoome ——SSCS~—SC~—s SS dC 
TeinputNoise Current (Note 3) ——~ds0owHe ——~—S~S as YC | iC 
isshimmnananmpisenls MMMNUUNDINNON ox =e: neccors socten ac“ ser ew" n 

Tra [ - | - | | a 
[Noncinvering inputResistance «+t —SOSCSCSs~—sS~sS SY wT CC 
inverting Input Resistance (Nota) | ————~*d~C~—S | ea] a | ee] 
CS A 
[input Common ModeRange +S pes | ew | Cd 


TRANSFER CHARACTERISTICS 


Gain Ay = +1, Vin = +2V 25 0.990 VV 
Tru osrs | - | 102 | vv 
Pru | 195 - | 205 | vv 

[OG Nor-tineariy Notes) ___——=«dtAy=s2,aaVFulScale | 25 | - | oo | - | % 


OUTPUT CHARACTERISTICS 


Output Vatage (Note 3) Aaa se [so] ss] [|v 
OT EC 
“0-3 | s0 | | ma 
[closed Loop Outputimpedancs foo ay=2——«dY =i | dP os | | 
[SuppyVotage Range ———SCSC*dSSCCSCSC~C~SC~‘<C~SC~irS ST | Cd 
acini HEINIR 5's: cece wacoa ox oe ace 
EO 

AC CHARACTERISTICS 
lyase «des sof sso Ye 
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Electrical Specifications Vsyppyy = +5V, Ay = +1, R;, = 100, Unless Otherwise Specified (Continued) 


TEMP. 
PARAMETER rest conomons _| ‘cy | _mn_| re | max | _uwrs 


(Your = 8¥p.p, Note 2) ay=et_————*dt 28] 8001500 | Ys 
Ty=s2SS—~sC 00 1000 | | vis 


25 
Ay = +2 25 220 MHz 
=-1 +0.02 
Ay = +1 +0.1 
Ay = +2 +0.015 


Full Power Bandwidth 
(VouT = 5Vp-p, Note 3) 


= 


Gain Flatness 
(to 30MHz, Notes 2, 3) 


NO 
o1 


+0.04 


Nh ine) 
uo ol 
~“N 
ine) 
b ra 3 
ol uo NM 
ine) 
ap 


& 


Gain Flatness 
(to 50MHz, Notes 2, 3) 


> 
< 
T 
ak 
nm} rm 
ato 


Ay = +1 40.2 
Ay = +2 
Gain Flatness = 
(to 100MHz, Notes 2, 3) Ay = +2 
Ay =-1 
Ay = +1 
Ay = +2 


+0.08 


ine) 
o1 
I+ 
io) 
2) 
w 
o 


NM] Mm 
uo 
I+ 
(o) 
[o) 
= 


i) 
on 


Linear Phase Deviation Degrees 


(to 100MHz, Note 3) 


nN 
on 


Degrees 


SISIS 


Degrees 


= = 
| 

Nm 

on 


> 

< 

Hl 

‘ 

as 
We) nN Ne) ee BD) Ne) 
on oO On ayo on oO 


—_l 
2nd Harmonic Distortion =-1 Bc - a 
(SOMHZ, Vout = 2Vp-p, Notes 2, 3) Ay= +1 BT Bc Oo wW 
WL 
Ay = +2 25 52 Be ES 
3rd Harmonic Distortion Ay =-1 25 -71 dBc 7 = 
(SOMHz, VouT — 2Vp-p, Notes 2, 3) Ay er 25 -73 dBc rS} q 
2nd Harmonic Distortion -47 Bc 
(SOMHz, VouT = 2Vp-p, Notes 2, 3) Ay _ 25 -53 dBc 
Ay = +2 25 -47 dBc 
3rd Harmonic Distortion Ay =- 25 dBc 
Ay= 2 25 55 
2nd Harmonic Distortion Ay = -1 2 4d dBc 
(100MHz, Voyt = 2Vp-p, Notes 2, 3) Ay = +1 25 -50 dBc 
Aya 2 dBc 
3rd Harmonic Distortion Ay = 
(100MHz, VouT = 2Vp-p P Notes 2, 3) Ay —e 25 | 49 


Ay = +2 -62 dBc 


3rd Order Intercept 100MHz 
(Ay = +2, Note 3) 300MHz 
1dB Compression 100MHz 
(Ay = +2, Note 3) 300MHz 


Reverse Isolation 40MHz 


(S19, Note 3) 100MHz 
600MHz 


NM} Mh 
ayo 


Nh 

oO 
oii 
ie) 


' 


w 
ne) 


' ' = = 


N 
o1 


je) 
oO 


~N 
oi 
io) 


TRANSIENT CHARACTERISTICS 


Rise Time Ay =-1 
(Vout = 0.5V Step, Note 2) Ay = +1 


Ay = +2 
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Electrical Specifications Vsyppyy = +5V, Ay = +1, R= 1009, Unless Otherwise Specified (Continued) 


Rise Time 
(VouT = 2V Step) 


Overshoot 
(VouT = 0.5V Step, 
Input tr/te = 200ps, Notes 2, 3, 4) 


0.1% Settling Time (Note 3) 


Differential Gain 


Differential Phase 


Clamp Input Bias Current (Note 3) 


Clamp Input Bandwidth (Note 3) 


NOTES: 


TEMP. 
PARAMETER TEST CONDITIONS ee | sn eh ne | UNITS 


a = EO 
Cs OE TO 
eee a OO 
lyst SSOS—=—~i Ss Pr 
ly=etSSCSC~d Cts | 
lyase —SC~d Cs | | 
Wour=aeow |e | - | 13 | 20 | ns 
[005% Setting Time [Vour=2vtoov | || 20 | 3 | rs 
[ay=<1,aseMHe Arata | 25 | | 00s | - |» 
[ay=-2,a50MHe, Ap =ts0n | 25 | | 002 | | % 
CRO eA ee NE Rw led 


OUTPUT LIMITING CHARACTERISTICS ve So = +2, Vaz +1V, Ve = -1V, Unless Otherwise Specified 


200 aw 
% 


la Overshoot — Input tR/te = 500ps — 


Vy or Vi = 100MVp_p | 25 | 


Full 


+n 
ol = 
< 


2. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 


3. See Typical Performance Curves for more information. 


4. Overshoot decreases as input transition times increase, especially for Ay = +1. Please refer to Typical Performance Curves. 


Application Information 
Closed Loop Gain Selection 


The HFA1113 features a novel design which allows the user 
to select from three closed loop gains, without any external 
components. The result is a more flexible product, fewer part 
types in inventory, and more efficient use of board space. 


This “buffer’ operates in closed loop gains of -1, +1, or +2, and 
gain selection is accomplished via connections to the +Inputs. 
Applying the input signal to +IN and floating -IN selects a gain 
of +1, while grounding -IN selects a gain of +2. A gain of -1 is 
obtained by applying the input signal to -IN with +IN grounded. 


The table below summarizes these connections: 


CONNECTIONS 
+INPUT -INPUT 
GAIN (Ac) en 2 (PIN 2) 
4 


es eT 
eS 


PC Board Layout 


The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 
use of low inductance components such as chip resis- 
tors and chip capacitors is strongly recommended, 
while a solid ground plane is a must! 


Attention should be given to decoupling the power supplies. 
A large value (10uF) tantalum in parallel with a small value 
chip (0.1u.F) capacitor works well in most cases. 


Terminated microstrip signal lines are recommended at the 
input and output of the device. Capacitance directly on the 
output must be minimized, or isolated as discussed in the 
next section. 


For unity gain applications, care must also be taken to 
minimize the capacitance to ground seen by the amplifier’s 
inverting input. At higher frequencies this capacitance will 
tend to short the -INPUT to GND, resulting in a closed loop 
gain which increases with frequency. This will cause 
excessive high frequency peaking and potentially other 
problems as well. 
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An example of a good high frequency layout is the Evalua- 
tion Board shown in Figure 3. 


Driving Capacitive Loads 


Capacitive loads, such as an A/D input, or an improperly ter- 
minated transmission line will degrade the amplifiers phase 
margin resulting in frequency response peaking and possi- 
ble oscillations. In most cases, the oscillation can be avoided 
by placing a resistor (Rs) in series with the output prior to 
the capacitance. 


Figure 1 details starting points for the selection of this resis- 
tor. The points on the curve indicate the Rs and Cy combina- 
tions for the optimum bandwidth, stability, and settling time, 
but experimental fine tuning is recommended. Picking a 
point above or to the right of the curve yields an overdamped 
response, while points below or left of the curve indicate 
areas of underdamped performance. 


Rs and C, form a low pass network at the output, thus limit- 
ing system bandwidth well below the amplifier bandwidth of 
850MHz. By decreasing Rs as C_increases (as illustrated in 
the curves), the maximum bandwidth is obtained without 
sacrificing stability. Even so, bandwidth does decrease as 
you move to the right along the curve. For example, at 
Ay = +1, Rg = 502, Cy = 30pF, the overall bandwidth is lim- 
ited to 300MHz, and bandwidth drops to 100MHz at Ay = +1, 
Rs = 5Q, Cy = 340pF. 


50 
sft tit ttt 


40 \ Ay = +1 


3 BERSEREREREE 
30 AAA Tt 
Eo U 
© 20 


et laa FREDOCC CEES SES 


0 40 80 120 160 200 240 280 320 360 400 
LOAD CAPACITANCE (pF) 
FIGURE 1. RECOMMENDED SERIES RESISTOR vs LOAD 
CAPACITANCE 


Evaluation Board 


The performance of the HFA1113 may be evaluated using 
the HFA11XX Evaluation Board, slightly modified as follows: 


1. Remove the 500Q feedback resistor (Ro), and leave the 
connection open. 
2. a. For Ay = +1 evaluation, remove the 500Q gain setting 
resistor (R;), and leave pin 2 floating. 
b. For Ay = +2, replace the 500Q gain setting resistor with 
a 0Q resistor to GND. 
The modified schematic and layout of the board are shown 
in Figures 2 and 3. 


To order evaluation boards (part number HFA11XXEVAL), 
please contact your local sales office. 


o° (Ay = +1) 
or 0Q (Ay = +2) 


ak mT 


FIGURE 2. MODIFIED EVALUATION BOARD SCHEMATIC 


TOP LAYOUT 


BOTTOM LAYOUT 


FIGURE 3. EVALUATION BOARD LAYOUT 


Limiting Operation 
General 


The HFA1113 features user programmable output clamps to 
limit output voltage excursions. Clamping action is obtained 
by applying voltages to the Vj and V;_ terminals (pins 8 and 
5) of the amplifier. Vy sets the upper output limit, while Vi 
sets the lower clamp level. If the amplifier tries to drive the 
output above Vy, or below V_, the clamp circuitry limits the 
output voltage at Vy or V; (+ the clamp accuracy), respec- 
tively. The low input bias currents of the clamp pins allow 
them to be driven by simple resistive divider circuits, or 
active elements such as amplifiers or DACs. 


Clamp Circuitry 


Figure 4 shows a simplified schematic of the HFA1113 input 
stage, and the high clamp (Vy) circuitry. As with all current 
feedback amplifiers, there is a unity gain buffer (Qx; - Qyx9) 
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between the positive and negative inputs. This buffer forces 
-IN to track +IN, and sets up a slewing current of: 


(Vin - VouT)/RF + V-in/Re 


This current is mirrored onto the high impedance node (Z) by 
Q y3-Qyx4, where it is converted to a voltage and fed to the 
output via another unity gain buffer. If no clamping is utilized, 
the high impedance node may swing within the limits defined 
by Qpq4 and Qnq. Note that when the output reaches its qui- 
escent value, the current flowing through -IN is reduced to 
only that small current (-lpias) required to keep the output at 
the final voltage. 


Tracing the path from Vy to Z illustrates the effect of the 
clamp voltage on the high impedance node. V}, decreases 
by 2Vpe (Qne and Qpeg) to set up the base voltage on Qps. 


V+ 


Re Re = 3002 
(INTERNAL) (INTERNAL) 
4 -IN VouT 


FIGURE 4. HFA1113 SIMPLIFIED V},, CLAMP CIRCUITRY 


Qps begins to conduct whenever the high impedance node 
reaches a voltage equal to Qps’s base voltage + 2Vpe (Qps5 
and Qns). Thus, Qps clamps node Z whenever Z reaches 
Vy. Ry provides a pull-up network to ensure functionality 
with the clamp inputs floating. A similar description applies to 
the symmetrical low clamp circuitry controlled by V_. 


When the output is clamped, the negative input continues to 
source a slewing current (Ic_Lamp) in an attempt to force the 
output to the quiescent voltage defined by the input. Qps must 
sink this current while clamping, because the -IN current is 
always mirrored onto the high impedance node. The clamping 
current is calculated as: 


IcLAMP = (V-IN - VoUT CLAMPED)/3002 + V.jn/Re- 

As an example, a unity gain circuit with Vijy = 2V, and Vy = 1V, 
would have Ic amp = (2V - 1V)/300Q + 2V/co = 3.33MA (Rg = 
because -IN is floated for unity gain applications). Note that Icc 
will increase by Ic_anp when the output is clamp limited. 


Clamp Accuracy 


The clamped output voltage will not be exactly equal to the 
voltage applied to Vy or V.. Offset errors, mostly due to Vee 
mismatches, necessitate a clamp accuracy parameter which 
is found in the device specifications. Clamp accuracy is a 
function of the clamping conditions. Referring again to Figure 
4, it can be seen that one component of clamp accuracy is the 
Vee mismatch between the Qyg transistors, and the Qys 
transistors. If the transistors always ran at the same current 
level there would be no Veg mismatch, and no contribution to 
the inaccuracy. The Qyg transistors are biased at a constant 
current, but as described earlier, the current through Qyg is 
equivalent to IcLamp-. Vee increases as Ic_awp increases, 
causing the clamped output voltage to increase as well. 
ICLAMP |S a function of the overdrive level (Ayc_ x Vin - Vout 
CLAMPED), SO clamp accuracy degrades as the overdrive 
increases. As an example, the specified accuracy of +100mV 
(Ay = -1, Vy = 1V) for a 1.6X overdrive degrades to +240mV 
for a 3X (200%) overdrive, as shown in Figure 43. 


Consideration must also be given to the fact that the clamp 
voltages have an affect on amplifier linearity. The “Nonlinear- 
ity Near Clamp Voltage” curve, Figure 48, illustrates the 
impact of several clamp levels on linearity. 


Clamp Range 


Unlike some competitor devices, both Vy and V,_ have usable 
ranges that cross OV. While Vj, must be more positive than 
V., both may be positive or negative, within the range restric- 
tions indicated in the specifications. For example, the 
HFA1113 could be limited to ECL output levels by setting 
Vy = -0.8V and V, = -1.8V. Vy and Vi may be connected to 
the same voltage (GND for instance) but the result won’t be in 
a DC output voltage from an AC input signal. A 
150mV - 200mV AC signal will still be present at the output. 


Recovery from Overdrive 


The output voltage remains at the clamp level as long as the 
overdrive condition remains. When the input voltage drops 
below the overdrive level (VcLamp/Avc_) the amplifier will 
return to linear operation. A time delay, known as the Over- 
drive Recovery Time, is required for this resumption of linear 
operation. The plots of “Unclamped Performance” and 
“Clamped Performance” (Figures 41 and 42) highlight the 
HFA1113’s subnanosecond recovery time. The difference 
between the unclamped and clamped propagation delays is 
the overdrive recovery time. The appropriate propagation 
delays are 8.0ns for the unclamped pulse, and 8.8ns for the 
clamped (2X overdrive) pulse yielding an overdrive recovery 
time of 800ps. The measurement uses the 90% point of the 
output transition to ensure that linear operation has 
resumed. Note: The propagation delay illustrated is domi- 
nated by the fixturing. The delta shown is accurate, but the 
true HFA1113 propagation delay is 500ps. 


Overdrive recovery time is also a function of the overdrive 
level. Figure 47 details the overdrive recovery time for vari- 
ous Clamp and overdrive levels. 
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25°C, R,_ = 1002, Unless Otherwise Specified 


+5V, Ta = 


(AW) SDVLIOA LNdLNO 


Typical Performance Curves  Vsyppyy 


TIME (5ns/DIV.) 
FIGURE 6. LARGE SIGNAL PULSE RESPONSE 


TIME (5ns/DIV.) 
FIGURE 5. SMALL SIGNAL PULSE RESPONSE 
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FIGURE 8. LARGE SIGNAL PULSE RESPONSE 


FIGURE 7. SMALL SIGNAL PULSE RESPONSE 
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FIGURE 10. LARGE SIGNAL PULSE RESPONSE 


FIGURE 9. SMALL SIGNAL PULSE RESPONSE 
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Typical Performance Curves Vsuppty = t5V, Ta = 25°C, Ry = 1002, Unless Otherwise Specified (Continued) 
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FIGURE 11. FREQUENCY RESPONSE 
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FIGURE 13. FREQUENCY RESPONSE FOR VARIOUS LOAD 
RESISTORS 


12 
ee? TM TM 1 
g Ht Te 
= MM TMT Tew, DONT 
LEM TTI 2eve2 LN 
crimeese TT CTT TTI. 
nt bes “ 
000 a Nl 
TIN TTI T a 


E (DEGREES) 


0.3 1000 
aise i 


FIGURE 15. FREQUENCY RESPONSE FOR VARIOUS OUTPUT 
VOLTAGES 
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FIGURE 12. FREQUENCY RESPONSE FOR VARIOUS LOAD 
RESISTORS 
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FIGURE 14. FREQUENCY RESPONSE FOR VARIOUS LOAD 
RESISTORS 
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FIGURE 16. FREQUENCY RESPONSE FOR VARIOUS OUTPUT 
VOLTAGES 
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Typical Performance Curves  Vsyppiy = +5V, Ta = 25°C, Ry. = 1002, Unless Otherwise Specified (Continued) 
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Typical Performance Curves VsuppLy = +5V, Ta = 25°C, Ry. = 100Q, Unless Otherwise Specified (Continued) 
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FIGURE 27. SECOND HARMONIC DISTORTION vs Poyt FIGURE 28. THIRD HARMONIC DISTORTION vs Poyrt 
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Typical Performance Curves Vsuppty = t5V, Ta = 25°C, Ry = 100Q, Unless Otherwise Specified (Continued) 
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FIGURE 29. SECOND HARMONIC DISTORTION vs Poyt FIGURE 30. THIRD HARMONIC DISTORTION vs Poyt 
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DISTORTION (dBc) 
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FIGURE 31. SECOND HARMONIC DISTORTION vs Poyt FIGURE 32. THIRD HARMONIC DISTORTION vs Poyrt 
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Typical Performance Curves  Vsyppty =+5V, Ta = 25°C, Ry. = 1002, Unless Otherwise Specified (Continued) 
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Typical Performance Curves  vsuppty =+5V, Ta = 25°C, Ry = 1002, Unless Otherwise Specified (Continued) 
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Typical Performance Curves VsuppLy = +5V, Ta = 25°C, Ry = 100Q, Unless Otherwise Specified (Continued) 
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FIGURE 47. OVERDRIVE RECOVERY vs OVERDRIVE 
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FIGURE 49. CLAMP ACCURACY vs TEMPERATURE 
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FIGURE 51. Vy CLAMP INPUT BANDWIDTH 
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FIGURE 50. CLAMP BIAS CURRENT vs TEMPERATURE 
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Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
63 mils x 44 mils x 19 mils Type: Nitride 
1600um x 1130um x 483m Thickness: 4kA +0.5kA 
METALLIZATION: TRANSISTOR COUNT: 
Type: Metal 1: AlCu(2%)/TiW 52 
Thickness: Metal 1: 8kA +0.4kA SUBSTRATE POTENTIAL (Powered Up): 
Type: Metal 2: AlCu(2%) Floating (Recommend Connection to V-) 


Thickness: Metal 2: 16kA +0.8kA 


Metallization Mask Layout 
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November 1996 850MHz Video Cable Driving Buffer 


Features Description 


e Access to Summing Node Allows Circuit Customization The HFA1114 is a closed loop Buffer featuring user 

r : _, Programmable gain and ultra high speed performance. 

moe ani ee i eh SBS OF Fits Manufactured on Harris’ proprietary complementary bipolar 

iia aa aa lia UHF-1 process, the HFA1114 offers a wide -3dB bandwidth 

Wide -3dB Bandwidth of 850MHz, very fast slew rate, excellent gain flatness, low 
distortion and high output current. 


Very Fast Slew Rate 
: . A unique feature of the pinout allows the user to select a 
Fast Settling Time (0.1%) voltage gain of +1, -1, or +2, without the use of any external 
High Output Current components. Gain selection is accomplished via connections 
: to the inputs, as described in the “Application Information” 
Excellent Gain Accuracy . section. The result is a more flexible product, fewer part types 
Overdrive Recovery in inventory, and more efficient use of board space. 


Standard Operational Amplifier Pinout Compatibility with existing op amp pinouts provides flexibility 
to upgrade low gain amplifiers, while decreasing component 


. . count. Unlike most buffers, the standard pinout provides an 
Ap P lications upgrade path should a higher closed loop gain be needed at 


e RF/IF Processors a future date. 


Driving Flash A/D Converters For applications requiring a standard buffer pinout, please 
: refer to the HFA1110 datasheet. 
High Speed Communications 


Impedance Transformation Ordering Information 


Line Driving PART NUMBER | TEMP. RANGE 
; sit , (BRAND) (°C) 
Video Switching and Routing 


Radar Systems HFAII14IP | 1141P 8 Ld PDIP 


Medical Imaging Systems HFA11 cn -40 to 85 8 Ld SOIC a 15 
(H11141) 
HFA11XXEVAL DIP Evaluation Board for High Speed 
Op Amps 


Pinout Pin Descriptions 


HFA1114 PIN 

om mame [winger | oescmienon 
A 
a 
a A 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 31 51 3 
Copyright © Harris Corporation 1996 3-600 


Absolute Maximum Ratings 


HFA1114 


Voltage Between V+ AND Ve. cseciccivaciasavesntavenwes 12V 
DG NU VOUOS 6 cc weerccddwnns bbs abe e eke Rene ba VSUPPLY 
Omerehiial lOpul VONAGG. «cs ciccsevctuavscisreesasedaves 5V 
AUS CATION, + oa os ois 86 $9854 ke OLE SHER RECA HEE DHE 60mA 


Operating Conditions 


Temperature Range ............... 


eee ee ee wee 


-40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) Oya (°C/W) 
PDIP PACKAGE 4 nce es eiseane ec eeasccweesan ens 130 
i POCMIUGs 6645 aden eee meee Ghe ca ewe ent 170 

Maximum Junction Temperature (Die).................... 175°C 

Maximum Junction Temperature (Plastic Package) ........ 150°C 

Maximum Storage Temperature Range ......... -65°C to 150°C 

Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. 8ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +5V, Ay = +1, Ry = 100Q, Unless Otherwise Specified 


TEST TEMP. 
PARAMETER CONDITIONS (PC) TYP UNITS 


INPUT CHARACTERISTICS 
Output Offset Voltage 


PSRR 


Input Common Mode Range 
TRANSFER CHARACTERISTICS 


Gain 


DC Non-Linearity 
OUTPUT CHARACTERISTICS 
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Electrical Specifications Vsyppyy = +5V, Ay = +1, Ry = 1009, Unless Otherwise Specified (Continued) 


-rananeren | conten | "eer | ww ove | ne | wre 
PARAMETER CONDITIONS (°C) TYP UNITS 

Simvvomeranee TT eT OT 
Pe 


AC CHARACTERISTICS 


Ay = +2 550 MHz 


Slew Rate (Voy = 5Vp-p) 2400 — 


Ay = +1 1500 


Ay 
Full Power BW 5Vp.p, Ay = +2 
Gain Flatness To 30MHz, Ay = +2 


Gain Flatness To 100MHz, Ay = +2 
2nd Harmonic Distortion 5OMHz, Vout = 2Vp-p 


foe) 


o fo] 
z= alo 


1900 


=-1 
=-1 


220 


+0.015 


+0.07 


cn 
A) 


3rd Harmonic Distortion 50MHzZ, Vout = 2Vp-p 
3rd Order Intercept 100MHz, Ay = +2 


_ 
<e) 


1dB Compression 100MHz, Ay = +2 


Rise Time (Voyrt = 0.5V Step) 700 


480 


0.1% Settling Time VouT = 2V to OV 


—_ | —- 
—s 


0.05% Settling Time Vout = 2V to OV 
Differential Gain Ay = +1, 3.58MHz, Ry = 150Q 


0.03 


2 
2 
ys 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 0.02 


5 
5 
) 
5 
5 
) 
5 
) 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
s) 
5 


Ay = +2, 3.58MHz, Ry = 1502 
Differential Phase Ay = +1, 3.58MHz, Ry = 150Q 
Ay = +2, 3.58MHz, Ry = 150 


0.05 


° 


25 
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Application Information 
Closed Loop Gain Selection 


The HFA1114 features a novel design which allows the user 
to select from three closed loop gains, without any external 
components. The result is a more flexible product, fewer part 
types in inventory, and more efficient use of board space. 


This “buffer’ operates in closed loop gains of -1, +1, or +2, and 
gain selection is accomplished via connections to the +inputs. 
Applying the input signal to +IN and floating -IN selects a gain 
of +1, while grounding -IN selects a gain of +2. A gain of -1 is 
obtained by applying the input signal to -IN with +IN grounded. 


The table below summarizes these connections: 
CONNECTIONS 

(Aw) 
a 


PC Board Layout 


The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 
use of low inductance components such as chip resis- 
tors and chip capacitors is strongly recommended, 
while a solid ground plane is a must! 


Attention should be given to decoupling the power supplies. 
A large value (10,.F) tantalum in parallel with a small value 
(0.1F) chip capacitor works well in most cases. 


Terminated microstrip signal lines are recommended at the input 
and output of the device. Capacitance directly on the output must 
be minimized, or isolated as discussed in the next section. 


For unity gain applications, care must also be taken to minimize 
the capacitance to ground seen by the amplifiers inverting 
input. At higher frequencies this capacitance will tend to short 
the -INPUT to GND, resulting in a closed loop gain which 
increases with frequency. This will cause excessive high 
frequency peaking and potentially other problems as well. 


An example of a good high frequency layout is the Evaluation 
Board shown in Figure 2. 


Driving Capacitive Loads 


Capacitive loads, such as an A/D input, or an improperly 
terminated transmission line will degrade the amplifiers phase 
margin resulting in frequency response peaking and possible oscil- 
lations. In most cases, the oscillation can be avoided by placing a 
resistor (Rs) in series with the output prior to the capacitance. 


oo (Ay = +1) 
or 02 (Ay = +2) 


GND 


Figure 1 details starting points for the selection of this resis- 
tor. The points on the curve indicate the Rs and Cy combina- 
tions for the optimum bandwidth, stability, and settling time, 
but experimental fine tuning is recommended. Picking a 
point above or to the right of the curve yields an overdamped 
response, while points below or left of the curve indicate 
areas of underdamped performance. 


Rs and C, form a low pass network at the output, thus 
limiting system bandwidth well below the amplifier band- 
width of 850MHz. By decreasing Rs as C,increases (as 
illustrated in the curves), the maximum bandwidth is 
obtained without sacrificing stability. Even so, bandwidth 
does decrease as you move to the right along the curve. 
For example, at Ay = +1, Rg = 50Q, C, = 30pF, the overall 
bandwidth is limited to 300MHz, and bandwidth drops to 
100MHz at Ay = +1, Rs = 5, Cy = 340pF. 


Rg (2) 


0 40 80 120 
LOAD CAPACITANCE (pF) 


160 200 240 280 320 360 400 


FIGURE 1. RECOMMENDED SERIES OUTPUT RESISTOR vs 
LOAD CAPACITANCE 


Evaluation Board 


The performance of the HFA1114 may be evaluated using 
the HFA11XX Evaluation Board, slightly modified as follows: 


2. Remove the 500Q feedback resistor (Ro), and leave the 
connection open. 


3. a. For Ay = +1 evaluation, remove the 500Q gain setting 
resistor (Rj), and leave pin 2 floating. 
b. For Ay = +2, replace the 500Q gain setting resistor with 
a OQ resistor to GND. 


4. Isolate Pin 5 from the stray board capacitance to minimize 
peaking and overshoot. 


The layout and modified schematic of the board are shown in 
Figure 2. 


To order evaluation boards (part number HFA11XXEVAL), 
please contact your local sales office. 


TOP LAYOUT BOTTOM LAYOUT 


FIGURE 2. EVALUATION BOARD SCHEMATIC AND LAYOUT 
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Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 

63 mils x 44 mils x 19 mils Type: Nitride 

1600um x 1130um x 483m Thickness: 4kA +0.5kA 
METALLIZATION: TRANSISTOR COUNT: 

Type: Metal 1: AlCu(2%)/TiW 52 

See eee ce neeeet SUBSTRATE POTENTIAL (Powered Up): 


Type: Metal 2: AlCu(2%) 


Thickness: Metal 2: 16kA +0.8kA Floating (Recommend Connection to V-) 


Metallization Mask Layout 
HFA1114 


NC 


+IN 


NC 


V+ 


OUT 
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HARRIS HFA1115 


225MHz, Low Power, Output 
November 1996 Limiting, Closed Loop Buffer Amplifier 


aD 


Features Description 


e User Programmable Output Voltage Limiting The HFA1115 is a high speed closed loop Buffer featuring both 
user programmable gain and output limiting. Manufactured on 
Harris’ proprietary complementary bipolar UHF-1 process, the 
e Differential Gain : HFA1115 also offers a wide -3dB bandwidth of 225MHz, very 
fast slew rate, excellent gain flatness and high output current. 


¢ High Input Impedance 


Differential Phase 0.03 Degrees 
. : This buffer is the ideal choice for high frequency applications 
Wide -3dB Bandwidth (Ay = +2) 225MHz requiring output limiting, especially those needing ultra fast 
Very Fast Slew Rate (Ay = -1) overload recovery times. The limiting function allows the 
designer to set the maximum positive and negative output lev- 
Low Supply Current . els, thereby protecting later stages from damage or input satu- 
High Output Current ration. The HFA1115 also allows for voltage gains of +2, +1, 
and -1, without the use of external resistors. Gain selection is 
Excellent Gain Accuracy : accomplished via connections to the inputs, as described in 
the “Application Information” text. The result is a more flexible 
product, fewer part types in inventory, and more efficient use 
of board space. 


User Programmable For Closed-Loop Gains of +1, -1 

or +2 Without Use of External Resistors 

Fast Overdrive Recovery a a 
Compatibility with existing op amp pinouts provides flexibility 

Standard Operational Amplifier Pinout to upgrade low gain amplifiers, while decreasing component 
count. Unlike most buffers, the standard pinout provides an 
upgrade path, should a higher closed loop gain be needed at 

Applications a future date. For Military product, refer to the HFA1115/883 

data sheet. 

Flash A/D Drivers 

Ordering Information 
Video Cable Drivers 


High Resolution Monitors PART NUMBER TEMP. 
(BRAND) RANGE (°C) PACKAGE 


Professional Video Processing 
HFA11151P 8 Ld PDIP 
Medical Imaging 


. oe HFA1115/B -40to85 |8Ld SOIC M8.15 
Video Digitizing Boards/Systems (H1115l) 


Battery Powered Communications HFATIXXEVAL 1XXEVAL HFATIXXEVAL | High Speed Op Amp DIP Evaluation Board 


Pinout Pin Descriptions 


ans, [eae Tren oeserrron 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3606. 3 
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Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- ... 0.0... ... cee ee eee 11V._ Thermal Resistance (Typical, Note 1) Oya CCW) 
DC Input Voltage ..... 6... cece eee ence ence eee VSUPPLY PDIP Package .......... ccc c cece eee ee aees 130 
Output Current (Note 2)................ Short Circuit Protected SOIC Packeoes «sic esiee sereescsbsepvesers 170 
ESD Rating Maximum Junction Temperature (Die)...............0000. 175°C 
Human Body Model (Per MIL-STD-883 Method 3015.7) ... 600V Maximum Junction Temperature (Plastic Packages) ....... 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Operating Conditions Maximum Lead Temperature (Soldering 10s)............ 300°C 
Temperature Range 26. sis cs cge css svecasiawss -40°C to 85°C (SOIC - Lead Tips Only) 


Supply Voltage Range (Typical) .................... 5V to 10V 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


2. Output is protected for short circuits to ground. Brief short circuits to ground will not degrade reliability, however, continuous (100% duty 
cycle) output current should not exceed 30mA for maximum reliability. 


Electrical Specifications Vsyppyy = +5V, Ay = +1, Ry, = 1002, Unless Otherwise Specified 


TEST 
CONDITIONS 


PARAMETER 
INPUT CHARACTERISTICS 


Output Offset Voltage ae A 
A 


Average Output Offset Voltage Drift 


Common-Mode Rejection Ratio 


- 
oO 


AVom = +1.8V 


Power Supply Rejection Ratio 


Non-Inverting Input Bias Current pS 


> 
BSS 


BS 

Ww 
=|=-|= _ rN rN 
o;rrt— ee) oO 


pS 
wo 


Full 
Full 


w 
oO 


Non-Inverting Input Bias Current Drift 


Non-Inverting Input Resistance AVcm = £1.8V 
AVom = +1.8V 
AVcom = +1.2V 


Inverting Input Resistance 
Input Capacitance 


Input Voltage Common Mode Range 

(Implied by Vig CMRR and +Rijy Tests) 

Input Noise Voltage Density f = 100kHz 
Non-Inverting Input Noise Current Density | f= 100kHz 


TRANSFER CHARACTERISTICS 
Gain 


ss 
ron) 


11.8 
-40 t1i2 


S 


I+ 
ERE 
ol 
=|=|=|> 


oO} M 


EE 
oO 


= 


25 
Full 
25 
Full 
25 
Full 


-0.98 
-0.975 
0.98 
0.975 
1.96 
1.95 


-0.996 
-1.000 


-1.02 
-1.025 
1.02 
1.025 


VV 
VIV 
V. 
VIN 


< 


Ay = +1 
0.993 
1.988 
1.990 2.05 


< 


Ay = +2 


< 


= 
ll 
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Electrical Specifications Vsyppyy = +5V, Ay = +1, Ry = 100Q, Unless Otherwise Specified (Continued) 


(NOTE 3) 
TEST TEST 
CONDITIONS LEVEL 


Tet sd rd dC 
Tee] 8] | de] ie 
WourssVppatayes2t, Fayastiamgaezon | 8 {2 | | 0 | | wm | 
Teed ST Ys |e 

Ay = +1, +Rs = 6202 25 +0. 
Ay = +2 


Gain Flatness Ay = +1, +Rs = 6202 
(to 50MHz, Voyt = 0.2Vp-p) Ay = +2 


PARAMETER 
AC CHARACTERISTICS 


-3dB Bandwidth 
(VouT = 0.2Vp-p) 


Gain Flatness 
(to 25MHz, Vout = 0.2Vp-p) 


KIS 
=| 


5a 
uo 
S| it 
i 


OUTPUT CHARACTERISTICS 


Output Voltage Swing 


nm 
on 
I+ 
ta 
ro) 


n 
= 
NS 
oe) 
| 


on 
ro) 
on 
= 

> 


Output Current Ay =-1, RL = 50Q 


>i > 


Output Short Circuit Current 


Closed Loop Output Impedance DC, Ay = +2 


Second Harmonic Distortion 10MHz 2 dBc 
(Ay = +2, Vout = 2Vp-p) 20MHz dBc 
Third Harmonic Distortion 10MHz 25 dBc 


oy, ory on 


i 
a 


a] &| © | ts 
ro) Go] ¢ 
on XN Aloln 


= 
ul 


(Ay = +2, Vout = 2Vp-p) a 


nN 
a 


Q 
i?) 


20MHz 
TRANSIENT RESPONSE Ay = +2, Unless Otherwise Specified 


NO 
on 


Rise and Fall Times Rise Time 


(Vout = 0.5Vp-p) 


Overshoot O 
(Vout = 0.5Vp-p, Vin trise = 2-5ns) 


On 


+ 
2) 
D 


N 
on 


Fall Time 


N 
o1 


ce) 


N 
oa 


at | ok 
OTN 


Slew Rate +SR 1660 V/us 
(Vout = 5Vp-p, Ay = -1) -SR 25 1135 Vius 
Slew Rate 1125 V/us 


(Vout = 4Vp-p, Ay = +1, +Rs = 620) 


© 
So 
io) 


V/us 
V/us 


Slew Rate +SR 1265 


9° ce] 


(Vout = 5Vp-p, Ay = +2) “SR 870 Vius 
Settling Time 25 
lalla 25 


VIDEO CHARACTERISTICS 


Differential Gain f = 3.58MHz, Ay = +2, 25 % 
Ry = 1502 

Differential Phase f = 3.58MHz, Ay = +2, 25 0.03 Degrees 
Ry = 1502 
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Electrical Specifications Vsyppyy = +5V, Ay = +1, R,. = 100, Unless Otherwise Specified (Continued) 


TEST 
PARAMETER CONDITIONS 


POWER SUPPLY CHARACTERISTICS 


Power Supply Current 


Supply Sensitivity 


Non-Inverting Input Bias Current Power | AVps = +1.25V 


Negative Clamp Range 


Clamp Input Bias Current ee 
Clamp Input Bandwidth fo 


NOTE: 


(NOTE 3) 
TEST TEMP. 
LEVEL (°C) TYP UNITS 


ee = | ee 
es ee 


3. Test Level: A. Production Tested.; B. Typical or Guaranteed Limit Based on Characterization.; C. Design Typical for Information Only. 


Application Information 
Closed Loop Gain Selection 


The HFA1115 features a novel design which allows the user 
to select from three closed loop gains, without any external 
components. The result is a more flexible product, fewer part 
types in inventory, and more efficient use of board space. 


This “buffer’ operates in closed loop gains of -1, +1, or +2, and 
gain selection is accomplished via connections to the +inputs. 
Applying the input signal to +IN and floating -IN selects a gain 
of +1 (see next section for layout caveats), while grounding -IN 
selects a gain of +2. A gain of -1 is obtained by applying the 
input signal to -IN with +IN grounded. 


The table below summarizes these connections: 


CONNECTIONS 


GAIN 
en 


es 


Unity Gain Considerations 


Unity gain selection is accomplished by floating the -Input of 
the HFA1115. Anything that tends to short the -Input to GND, 
such as stray capacitance at high frequencies, will cause the 
amplifier gain to increase toward a gain of +2. The result is 
excessive high frequency peaking, and possible instability. 
Even the minimal amount of capacitance associated with 
attaching the -Input lead to the PCB results in approximately 
3dB of gain peaking. At a minimum this requires due care to 
ensure the minimum capacitance at the -Input connection. 


Table 1 lists five alternate methods for configuring the 
HFA1115 as a unity gain buffer, and the corresponding 
performance. The implementations vary in complexity and 
involve performance trade-offs. The easiest approach to 
implement is simply shorting the two input pins together, and 
applying the input signal to this common node. The amplifier 
bandwidth drops from 400MHz to 200MHz, but excellent 
gain flatness is the benefit. Another drawback to this 
approach is that the amplifier input noise voltage and input 
offset voltage terms see a gain of +2, resulting in higher 
noise and output offset voltages. Alternately, a 100pF 
capacitor between the inputs shorts them only at high 
frequencies, which prevents the increased output offset 
voltage but delivers less gain flatness. 


Another straightforward approach is to add a 620Q resistor 
in series with the positive input. This resistor and the 
HFA1115 input capacitance form a low pass filter which rolls 
off the signal bandwidth before gain peaking occurs. This 
configuration was employed to obtain the datasheet AC and 
transient parameters for a gain of +1. 


PC Board Layout 


The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 
use of low inductance components such as chip resis- 
tors and chip capacitors is strongly recommended, 
while a solid ground plane is a must! 


Attention should be given to decoupling the power supplies. 
A large value (10uF) tantalum in parallel with a small value 
(0.1L,F) chip capacitor works well in most cases. 
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Terminated microstrip signal lines are recommended at the 
input and output of the device. Capacitance directly on the 
output must be minimized, or isolated as discussed in the 
next section. 


For unity gain applications, care must also be taken to 
minimize the capacitance to ground seen by the amplifier’s 
inverting input. At higher frequencies this capacitance will 
tend to short the -INPUT to GND, resulting in a closed loop 
gain which increases with frequency. This will cause 
excessive high frequency peaking and potentially other 
problems as well. 


An example of a good high frequency layout is the Evalua- 
tion Board shown in Figure 1. 


Driving Capacitive Loads 


Capacitive loads, such as an A/D input, or an improperly 
terminated transmission line will degrade the amplifier’s 
phase margin resulting in frequency response peaking and 
possible oscillations. In most cases, the oscillation can be 
avoided by placing a resistor (Rs) in series with the output 
prior to the capacitance. 


Rs and C, form a low pass network at the output, thus limit- 
ing system bandwidth well below the amplifier bandwidth of 
225MHz. By decreasing Rs as C,increases the maximum 
bandwidth is obtained without sacrificing stability. 


Evaluation Board 


The performance of the HFA1115 may be evaluated using 
the HFA11XX Evaluation Board, slightly modified as follows: 


4. Remove the 500Q feedback resistor (Ro), and leave the 
connection open. 
5. a. For Ay = +1 evaluation, remove the 500Q gain setting 
resistor (Rj), and leave pin 2 floating. 
b. For Ay = +2, replace the 500Q gain setting resistor with 
a 0Q resistor to GND. 


The layout and modified schematic of the board are shown 
in Figure 1. 


To order evaluation boards (Part Number HFA11XXEVAL), 
please contact your local sales office. 


TABLE 1. UNITY GAIN PERFORMANCE FOR VARIOUS IMPLEMENTATIONS 


o° (Ay = +1) 
or 0Q (Ay = +2) 


+0.1dB GAIN FLATNESS 
APPROACH PEAKING (dB) +SR/-SR (Vis) (MHz) 


1200/850 
1125/800 


875/550 
900/550 


TOP LAYOUT 


BOTTOM LAYOUT 


FIGURE 1. EVALUATION BOARD SCHEMATIC AND LAYOUT 


3-609 


OPERATIONAL 


AMPLIFIERS 


HFA1115 


Die Characteristics 
SUBSTRATE POTENTIAL (Powered Up) 


DIE DIMENSIONS: 
Floating (Recommend Connection to V-) 


59 mils x 58.2 mils x 19 mils 
1500um x 1480um x 483um 
PASSIVATION: 


METALLIZATION: 
Type: Nitride 
Type: Metal 1: AlCu(2%)/TiW Thickness: 4kA +0.5kA 
Thickness: Metal 1: 8kA +0.4kA 
TRANSISTOR COUNT: 

Type: Metal 2: AlCu(2%) 

Thickness: Metal 2: 16kA +0.8kA 89 
Metallization Mask Layout 

HFA1115 
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a MARRIS HFA1118, HFA1119 


ADVANCE INFORMATION 


November 1996 


500MHz Programmable Gain Video Buffers 
with Output Limiting and Output Disable 


Features 


e User Programmable For Closed Loop Gains of +1, or 
+2 Without Use of External Resistors 


User Programmable Output Limiting (HFA1119) 
Standard Operational Amplifier Pinout 


Excellent Gain Accuracy..............2005. +0.5% 


Description 


The HFA1118, and HFA1119 are high speed, low power, 
closed loop buffers built with Harris’ proprietary complementary 
bipolar UHF-1 process. Both buffers allow for selection of volt- 
age gains of +2 and +1, without the use of external gain set- 
ting resistors. 


The HFA1119 is the ideal choice for high frequency applica- 


tions requiring output limiting, especially those needing ultra 
fast overload recovery times. For added flexibility, the 
HFA1119 also features an active low, TTL/CMOS compatible 
disable input, which when activated forces the output to a high 
impedance state, and reduces supply current. 


The HFA1118 features a TTL/CMOS compatible output dis- 
able pin which is user programmable for polarity (active high 
or low). This feature eliminates the inverter required between 
amplifiers in multiplexer configurations. The ultra-fast (10ns) 
enable and disable times make the HFA1118 and HFA1119 
the obvious choices for pixel switching and other high speed 
multiplexing applications. 


Wide -3dB Bandwidth (Ay = +2) 500MHz 
Gain Flatness (to 250MHz) .................+0.5dB 
Very Fast Slew Rate (Ay = +2) 1200V/us 


Differential Gain/Phase 0.02%/0.02 Degrees 


Applications 
e Flash A/D Drivers 


e Video Cable Drivers 


AMPLIFIERS 


Ordering Information 


TEMP. 
PART NUMBER RANGE (°C) 


HFA1118IP. HFA1119IP -40to85 |8LdPDIP E83 
HFA1118IB, HFA1119IB | -40to85 |8LdSOIC M8.15 


OPERATIONAL 


e Professional Video Processing 
Medical Imaging 
PC Multimedia Systems 
Video Pixel Switching 


Oscilloscopes and Analyzers 


HFA11XXEVAL DIP Evaluation Board for High Speed Op 
Amps 


HFA1118 PIN DESCRIPTIONS 


| PINNAME | DESCRIPTION 
Threshold Set | Optional Logic Threshold Set. Maintains Disable 
Pin TTL Compatibility with Asymmetrical Supplies 
(e.g., +10V, OV) 


Polarity Set | Defines Polarity of Disable Input. High or Floating 
Selects Active Low Disable (i.e., DIS). 


DIS/DIS 


Pinouts 


HFA1118 
(PDIP, SOIC) 
TOP VIEW 


| 5] POLARITY SET TTL Compatible Disable Input. Output is Driven 
to a True Hi-Z State When Active. Polarity 


depends on state of Polarity Set Pin. 


HFA1119 
(PDIP, SOIC) 
TOP VIEW 


HFA1118 DISABLE FUNCTIONALITY 


4020.1 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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File Number 


FARRIS 


SEMICONDUCTOR 


HFA1130 


850MHz, Output Limiting, Low Distortion 


November 1996 


Features 
User Programmable Output Voltage Limits 
Low Distortion (30MHz, HD2).............. 
‘SUB BONnGWwithh ...cccesiinevawewnwnws ewes 
Very Fast Slew Rate.................208. 
Fast Settling Time (0.1%) .............00008- 


Excellent Gain Flatness 

» CO os. danetees sense eusedes oa ae dan 

e MOE sie itwdavawh oheeeeReek dene es 

& PAURe) sect ves ost cns beekereanessenaKe 0.01dB 


HIgh Output COMO «ces cswervsenccsasenes 


Overdrive Recovery............cceeeeeeeees 


Applications 
e Residue Amplifier 
¢ Video Switching and Routing 
e Pulse and Video Amplifiers 
Wideband Amplifiers 
RF/IF Signal Processing 
Flash A/D Driver 
Medical Imaging Systems 


Related Literature 
- AN9420, Current Feedback Theory 
- AN9202, HFA11XX Evaluation Fixture 


Pinout 


HFA1130 
(PDIP, CERDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 


Current Feedback Operational Amplifier 


Description 


The HFA1130 is a high speed wideband current feedback 
amplifier featuring programmable output limits. Built with 
Harris’ proprietary complementary bipolar UHF-1 process, it 
is the fastest monolithic amplifier available from any semi- 
conductor manufacturer. 


This amplifier is the ideal choice for high frequency 
applications requiring output limiting, especially those needing 
ultra fast overdrive recovery times. The output limiting function 
allows the designer to set the maximum positive and negative 
output levels, thereby protecting later stages from damage or 
input saturation. The sub-nanosecond overdrive recovery time 
quickly returns the amplifier to linear operation, following an 
overdrive condition. 


The HFA1130 offers significant performance improvements 
over the CLC500/501/502. 


A variety of packages and temperature grades are available. 
See the ordering information below for details. For /883 
product refer to the HFA1130/883 datasheet. 


Ordering Information 


PART NUMBER TEMP. 
(BRAND) RANGE (°C)| PACKAGE 


HFA1130MJ/883 -55 to 125 |8Ld CERDIP |F8.3A 


HFA1130IJ -40to85 |8LdCERDIP |F8.3A 


HFA1130IP 


HFA11301B 
(H11301) 


HFA11XXEVAL DIP Evaluation Board for High-Speed Op Amps 


INPUT 
220MHz 
SIGNAL 


OUTPUT 
. (Ay = 2) 
MBB HFA1130 
aay OP AMP 


3369.1 


File Number 


3-612 


HFA1130 


Absolute Maximum Ratings Ty, = 25°C Thermal Information 
Voltage Between V+ and V- ........... cece ee eee 12V Thermal Resistance (Typical, Note 1) Oya (°C/W) Oj (PC/W) 
ER, Va rook 640 eae Kis cede eh eeae Ree eeeces VsuppPLy CEADIP PACKBQG «nse ivtwesena ne 120 35 
Differential Input VONAGE. «acc ccakccacceeaiscncwencanaen 5V POIP PaGhOGG ss sisce cs vasvanass 130 N/A 
Output Current (50% Duty Cycle)...................08. 60mA BOI PACKAOG. csc x cane cade xacwess 170 N/A 
Maximum Junction Temperature (Die or CERDIP)......... 175°C 
Operating Conditions Maximum Junction Temperature (Plastic Package) ........ 150°C 
6 ‘j Maximum Storage Temperature Range ..... -65°C to Ta to 150°C 
Temperature Range .......--. +... seeeeee eee, “40°C to 85°C Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8jq is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications = Voyppiy = +5V, Ay = +1, Re = 5109, R, = 100Q, Unless Otherwise Specified 


(NOTE 2) 
TEST 
LEVEL 


TEST 
CONDITIONS 


PARAMETER 
INPUT CHARACTERISTICS 
Input Offset Voltage (Note 3) 


o 
; 
< 


oO 
OPERATIONAL 


= on 


Input Offset Voltage Drift 


Vio CMRR AVom = £2V 


ol 
io) 


Vio PSRR AVg = £1.25V 


ie) 
o1 


Non-inverting Input Bias Current +IN = OV 
(Note 3) 


Dis 
alo 
EE 
>| > 


+lBIAS Drift 
+lBias CMS AVcm =t2V 


pe) 
oe) 


Inverting Input Bias Current (Note 3) | -IN = 0V 


3 
PPE 


S 
= 
‘ 
1?) 


-lBias Drift 
-lBias CMS AVcm =+2V 


-lBIAS PSS AVs = soa .25V 


oi 


Ww 
S131 5| -lololalElEIE(5 
=| a! = <| 7] °]5|S1 S11 < 


oa 

oO 
ae) 
a | 


Non-Inverting Input Resistance 
Inverting Input Resistance 


at 


Input Capacitance (Either Input) 


Input Common Mode Range Cc Full +3.0 
100kHz 
100kHz 
-Input Noise Current (Note 3) 100kHz 


TRANSFER CHARACTERISTICS A, = +2, Unless Otherwise Specified 


Open Loop Transimpedance (Note 3) 


-3dB Bandwidth (Note 3) Vout = 0.2Vp.p, 
Ay = +1 


Input Noise Voltage (Note 3) 
+Input Noise Current (Note 3) 


NO 


- 
: 


530 


EC 
uo 
= 
Lk 
N 
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Electrical Specifications = Vsyppyy = +5V, Ay = +1, Re = 510Q, R, = 100Q, Unless Otherwise Specified (Continued) 
TEST 


TEMP. 
PARAMETER CONDITIONS (°C) TYP UNITS 
-3dB Bandwidth Vout = 0.2Vp.p, 25 670 MHz 
Ay a +2, Re = 36002 
ee 


[GainFiatness Notes) _——=«éTotoomae Ss | as | | tte | | 
[eanFiamess———=S=SSCSC~*it Toso —=SC«d|_=w®| as | CT Some |S | 
[eanFlaness———=S=SC~SC~*idt TOM? ~SC*s;=SC®ST ssf =i stoor «|S S| 
Tinear Phase Deviation (Notes) [octoroomnz | 6 | 2 | - | 06 | - | Dearecs 
[biferentalGan——=SSCSC*dNTSAL=T@_| 8 | 2 | - | oom | - | % 
[oiferental Phase __——=«iNTSG.AL=7sa_[ 8 | 2 | - | 005 | - | Degrees 
TwinimomStabieGan «dT ~—SSSSCT CA (dP row] 1 oT Ud] Ud] 
OUTPUT CHARACTERISTICS Ay = +2, Unless Otherwise Specified 
v 


a 


DC Closed Loop Output Impedance 
(Note 3) 


2nd Harmonic Distortion (Note 3) 30MHZ, Vout = 2Vp.p |B | po 
3rd Harmonic Distortion (Note 3) 30MHz, Vout=2Vp-p]| B | 25 [| - | 


= 


Qa. 
$) 


B 
dBc 


TRANSIENT RESPONSE A, = +2, Unless Otherwise Specified 


8 

| 8 Leen 
Vout = 5Vp.p 
Vout = 5Vp-p 


0.1% Settling Time (Note 3) Vout = 2V to OV 
0.2% Settling Time (Note 3) Vout = 2V to OV 


POWER SUPPLY CHARACTERISTICS 
Supply Voltage Range 


dBm 


ce] 


° 


V/us 


V/us 


_ 
o1 


Supply Current (Note 3) 


| 


a 


* 
a 
op 
a. 
: 
% Na 
uo 
2p. -h 


Clamp Accuracy Vin = +2V, Ay =-1 


Clamped Overshoot Vin =+1V, 
Input te/te = 2ns 


Overdrive Recovery Time Vin =+1V 
Negative Clamp Range 


Positive Clamp Range | 


Clamp Input Bias Current 


a 

Fr) 

so [ 200 

Clamp Input Bandwidth poe | 
NOTES: 


2. Test Level: A. Production Tested; B. Typical or Guaranteed Limit Based on Characterization; C. Design Typical for Information Only. 
3. See Typical Performance Curves for more information. 
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Application Information 
Optimum Feedback Resistor (Rf) 


The enclosed plots of inverting and non-inverting frequency 
response detail the performance of the HFA1100/1120 in 
various gains. Although the bandwidth dependency on Acq, 
isn’t as severe as that of a voltage feedback amplifier, there is 
an appreciable decrease in bandwidth at higher gains. This 
decrease can be minimized by taking advantage of the 
current feedback amplifiers unique relationship between 
bandwidth and Rr. All current feedback amplifiers require a 
feedback resistor, even for unity gain applications, and the Rr, 
in conjunction with the internal compensation capacitor, sets 
the dominant pole of the frequency response. Thus, the 
amplifiers bandwidth is inversely proportional to Re. The 
HFA1100, 1120 designs are optimized for a 5109 Rr, at a 
gain of +1. Decreasing Re in a unity gain application 
decreases stability, resulting in excessive peaking and 
overshoot (Note: Capacitive feedback causes the same 
problems due to the feedback impedance decrease at higher 
frequencies). At higher gains the amplifier is more stable, so 
Re can be decreased in a trade-off of stability for bandwidth. 
The table below lists recommended Rr values for various 
gains, and the expected bandwidth. 


Clamp Operation 


General 


The HFA1130 features user programmable output clamps to 
limit output voltage excursions. Clamping action is obtained 
by applying voltages to the Vy and V;_ terminals (pins 8 and 
5) of the amplifier. Vy sets the upper output limit, while V._ 
sets the lower clamp level. If the amplifier tries to drive the 
output above Vy, or below V,, the clamp circuitry limits the 
output voltage at V,, or V, (+ the clamp accuracy), respec- 
tively. The low input bias currents of the clamp pins allow 
them to be driven by simple resistive divider circuits, or 
active elements such as amplifiers or DACs. 


Clamp Circuitry 


Figure 1 shows a simplified schematic of the HFA1130 input 
stage, and the high clamp (Vj) circuitry. As with all current feed- 
back amplifiers, there is a unity gain buffer (Q,; - Qx2) between 
the positive and negative inputs. This buffer forces -IN to track 
+IN, and sets up a slewing current of (Vin - Vout)/Re. This cur- 
rent is mirrored onto the high impedance node (Z) by Qy3-Qy,4, 
where it is converted to a voltage and fed to the output via 
another unity gain buffer. If no clamping is utilized, the high 
impedance node may swing within the limits defined by Qp4 and 
Qn. Note that when the output reaches it’s quiescent value, the 
current flowing through -IN is reduced to only that small current 
(-Ipias) required to keep the output at the final voltage. 


Vout 


-IN (EXTERNAL) 


FIGURE 1. HFA1130 SIMPLIFIED V,, CLAMP CIRCUITRY 


Tracing the path from V,, to Z illustrates the effect of the clamp 
voltage on the high impedance node. V,, decreases by 2Vp¢ 
(Qne and Qpg) to set up the base voltage on Qps. Qps, begins 
to conduct whenever the high impedance node reaches a volt- 
age equal to Qps’s base + 2Vee (Qps and Qns). Thus, Qps 
clamps node Z whenever Z reaches Vj. R,; provides a pull-up 
network to ensure functionality with the clamp inputs floating. A 
similar description applies to the symmetrical low clamp cir- 
cuitry controlled by V,. 


When the output is clamped, the negative input continues to 
source a slewing current (Ic; ap) in an attempt to force the out- 
put to the quiescent voltage defined by the input. Qps must sink 
this current while clamping, because the -IN current is always 
mirrored onto the high impedance node. The clamping current 
is calculated as (Vix - Vout)/Re. AS an example, a unity gain 
circuit with Viy = 2V, Vy = 1V, and Re = 510 would have 
Ictamp = (2-1)/510Q = 1.96mA. Note that Ic¢¢ will increase by 
IcLamp When the output is clamp limited. 


Clamp Accuracy 


The clamped output voltage will not be exactly equal to the volt- 
age applied to V,, or V,. Offset errors, mostly due to Ver mis- 
matches, necessitate a clamp accuracy parameter which is 
found in the device specifications. Clamp accuracy is a function 
of the clamping conditions. Referring again to Figure 1, it can 
be seen that one component of clamp accuracy is the Ver mis- 
match between the Qyg transistors, and the Qys transistors. If 
the transistors always ran at the same current level there would 
be no Veg mismatch, and no contribution to the inaccuracy. The 
Qyg transistors are biased at a constant current, but as 
described earlier, the current through Qys is equivalent to 
IcLamp: Vee increases as Ic. amp increases, causing the 
clamped output voltage to increase as well. Ic_amp is a function 
of the overdrive level (Vin -VoutcLamPED) 24nd Rr, so clamp 
accuracy degrades as the overdrive increases, or as Rr 
decreases. As an example, the specified accuracy of t+60mV 
for a 2X overdrive with Re = 510Q degrades to +220mV for 
Re = 240Q at the same overdrive, or to +250mV for a 3X 
overdrive with Re = 510Q. 
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Consideration must also be given to the fact that the clamp 
voltages have an effect on amplifier linearity. The “Nonlinear- 
ity Near Clamp Voltage” curve in the data sheet illustrates 
the impact of several clamp levels on linearity. 


Clamp Range 


Unlike some competitor devices, both Vi, and V;_ have usable 
ranges that cross OV. While V,, must be more positive than V, , 
both may be positive or negative, within the range restrictions 
indicated in the specifications. For example, the HFA1130 could 
be limited to ECL output levels by setting V,4=-0.8V and 
V_ =-1.8V. Vij and V; may be connected to the same voltage 
(GND for instance) but the result won’t be in a DC output volt- 
age from an AC input signal. A 150 - 200mV AC signal will still 
be present at the output. 


Recovery from Overdrive 


The output voltage remains at the clamp level as long as the 
overdrive condition remains. When the input voltage drops 
below the overdrive level (Vc_amp/Ayc.) the amplifier will 
return to linear operation. A time delay, known as the Over- 
drive Recovery Time, is required for this resumption of linear 
operation. The plots of “Unclamped Performance” and 
“Clamped Performance” highlight the HFA1130’s subnano- 
second recovery time. The difference between the 
unclamped and clamped propagation delays is the overdrive 
recovery time. The appropriate propagation delays are 4.0ns 
for the unclamped pulse, and 4.8ns for the clamped (2X 
overdrive) pulse yielding an overdrive recovery time of 
800ps. The measurement uses the 90% point of the output 
transition to ensure that linear operation has resumed. Note: 
The propagation delay illustrated is dominated by the fixtur- 
ing. The delta shown is accurate, but the true HFA1130 prop- 
agation delay is 500ps. 


Use of Die in Hybrid Applications 


This amplifier is designed with compensation to negate the 
package parasitics that typically lead to instabilities. As a 
result, the use of die in hybrid applications results in 
overcompensated. performance due to lower parasitic 
capacitances. Reducing Re below the recommended values 
for packaged units will solve the problem. For Ay = +2 the 
recommended starting point is 3002, while unity gain 
applications should try 400Q. 


PC Board Layout 


The frequency performance of this amplifier depends a great 
deal on the amount of care taken in designing the PC board. 
The use of low inductance components such as chip 
resistors and chip capacitors is strongly recommended, 
while a solid ground plane is a must! 


Attention should be given to decoupling the power supplies. 
A large value (10uF) tantalum in parallel with a small value 
chip (0.1u.F) capacitor works well in most cases. 


Terminated microstrip signal lines are recommended at the 
input and output of the device. Output capacitance, such as 
that resulting from an improperly terminated transmission 
line will degrade the frequency response of the amplifier and 


may cause oscillations. In most cases, the oscillation can be 
avoided by placing a resistor in series with the output. 


Care must also be taken to minimize the capacitance to 
ground seen by the amplifier’s inverting input. The larger this 
capacitance, the worse the gain peaking, resulting in pulse 
overshoot and possible instability. To this end, it is 
recommended that the ground plane be removed under 
traces connected to pin 2, and connections to pin 2 should 
be kept as short as possible. 


An example of a good high frequency layout is the Evalua- 
tion Board shown below. 


Evaluation Board 


An evaluation board is available for the HFA1130, (Part 
Number HFA11XXEVAL). Please contact your local sales 
office for information. 


The layout and schematic of the board are shown here: 


5002 


FIGURE 2. BOARD SCHEMATIC 


TOP LAYOUT 


BOTTOM LAYOUT 
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Typical Performance Curves Vgyppyy = +5V, Rr = 5102, Ta = 25°C, R, = 1009, Unless Otherwise Specified 


OUTPUT VOLTAGE (mV) 
OUTPUT VOLTAGE (V) 


TIME (5ns/DIV.) TIME (5ns/DIV.) 


FIGURE 3. SMALL SIGNAL PULSE RESPONSE FIGURE 4. LARGE SIGNAL PULSE RESPONSE 
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aed allen Sects aie, ols tied eh 
ae a a ae co 


ew oes EE ee 
a Ay = +2, Vy = 2V, Vi. =-2V 


TIME (10ns/DIV.) TIME (10ns/DIV.) 


FIGURE 5. UNCLAMPED PERFORMANCE FIGURE 6. CLAMPED PERFORMANCE 
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FIGURE 7. NON-INVERTING FREQUENCY RESPONSE FIGURE 8. INVERTING FREQUENCY RESPONSE 
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Typical Performance Curves Vgyppiy = +5V, Rr = 5102, Ta = 25°C, R, = 1009, Unless Otherwise Specified (Continued) 
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FIGURE 9. FREQUENCY RESPONSE FOR VARIOUS LOAD 
RESISTORS 
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FIGURE 11. FREQUENCY RESPONSE FOR VARIOUS OUTPUT 
VOLTAGES 
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FIGURE 13. FREQUENCY RESPONSE FOR VARIOUS OUTPUT 
VOLTAGES 
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FIGURE 10. FREQUENCY RESPONSE FOR VARIOUS LOAD 


RESISTORS 
ot =? TUT LTT PT 
" a 
ge ae 
OT Sh 


NORMALIZED GAIN (dB) 


EE SS eee eet ae SOS ee) eee ee 
=e EE) es ee Ge ee lS ee ee Ge 


100 
FREQUENCY (MHz) 


-_ 
A 


FIGURE 12. FREQUENCY RESPONSE FOR VARIOUS OUTPUT 
VOLTAGES 


BANDWIDTH (MHz) 


TEMPERATURE (°C) 


FIGURE 14. -3dB BANDWIDTH vs TEMPERATURE 
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Typical Performance Curves Vgyppiy = +5V, Rr = 5102, Ta = 25°C, R, = 1000, Unless Otherwise Specified (Continued) 
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DEVIATION (DEGREES) 
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FIGURE 15. GAIN FLATNESS FIGURE 16. DEVIATION FROM LINEAR PHASE 
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Typical Performance Curves Vgyppry = +5V, Rr = 510, Ta = 25°C, R,, = 1009, Unless Otherwise Specified (Continued) 
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FIGURE 25. OVERSHOOT vs FEEDBACK RESISTOR 
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FIGURE 26. SUPPLY CURRENT vs TEMPERATURE 
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Typical Performance Curves Vsyppiy = +5V, Re = 5102, Ts = 25°C, R,, = 1002, Unless Otherwise Specified (Continued) 
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FIGURE 31. NON-LINEARITY NEAR CLAMP VOLTAGE 
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Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 

63 mils x 44 mils x 19 mils Type: Nitride 

1600um x 1130um Thickness: 4kA +0.5kA | 
METALLIZATION: TRANSISTOR COUNT: | 


Type: Metal 1: AlCu(2%)/TiW 
Thickness: Metal 1: 8kA +0.4kA 


Type: Metal 2: ALCu(2% 
Thickness: Metal 2: 16kA +0.8kA Floating (Recommend Connection to V-) 


52 
SUBSTRATE POTENTIAL (Powered Up): 


Metallization Mask Layout 
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SHARES HFA1135 


360MHz, Low Power, 
November 1996 Video Operational Amplifier with Output Limiting 


Features Description 


User Programmable Output Voltage Limiting The HFA1135 is a high speed, low power current feedback 
amplifier build with Harris’ proprietary complementary bipo- 
lar UHF-1 process. This amplifier features user programma- 
Low Supply Current . ble output limiting, via the Vy and V;_ pins. 


High Input Impedance The HFA1135 is the ideal choice for high speed, low power 
Wide -3dB Bandwidth 360MHz 4Pplications requiring output limiting (e.g. flash A/D drivers), 

especially those requiring fast overdrive recovery times. The 
Very Fast Slew Rate 1200V/is limiting function allows the designer to set the maximum and 
Gain Flatness (to 50MHz) ................. +0.07dB minimum output levels to protect downstream stages from 
damage or input saturation. The sub-nanosecond overdrive 
recovery time ensures a quick return to linear operation fol- 
Differential Phase 0.04 Degrees lowing an overdrive condition. 


Pin Compatible Upgrade to CLC501 and CLC502 Component and composite video systems also benefit from 
this operational amplifiers performance, as indicated by the 
A pplications gain flatness, and differential gain and phase specifications. 


Fast Overdrive Recovery 


Differential Gain 


e Flash A/D Drivers The HFA1135 is a low power, high performance upgrade for 


the CLC501 and CLC502. 
¢ High Resolution Monitors 
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¢ Professional Video Processing Ordering Information 


e Video Digitizing Boards/Systems PART NUMBER TEMP. 
(BRAND) RANGE (°C) PACKAGE 


\ i tem 
¢ Multimedia Systems HFA11351P -40to85 |8Ld PDIP 


+ Mee rreampe HFA11351B -40t085 |8Ld SOIC M8.15 
Medical Imaging (H11351) 
Hand Held and Miniaturized RF Equipment HFA11XXEVAL DIP Evaluation Board for High Speed Op Amps 


Battery Powered Communications 


Pinout 


HFA1135 
(PDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3653.2 
Copyright © Harris Corporation 1996 3-623 


HFA1135 


Absolute Maximum Ratings Ta = 25°C Thermal Information 
Voltage Between V+ and V- ...... 0.0... cece eee 11V._ Thermal Resistance (Typical, Note 2) 8 ya (°C/W) 
DC Input Voltage ....... cece e eee eee eee eens VSUPPLY PDIP Package ...........0. eevee eee ee enee 130 
Differential Input Voltage... 1... ce eee 8V SOIC Package. .c..i<sspesdsn stinne tages 170 
Output Current (Note 1)................ Short Circuit Protected — Maximum Junction Temperature (Die Only)................ 175°C 
30mA Continuous Maximum Junction Temperature (Plastic Package) ........ 150°C 
. 60mA < 50% Duty Cycle Maximum Storage Temperature Range ......... -65°C to 150°C 
ESD Rating. .....0cn cece cece eee nee en ene eenenens >600V Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 
Operating Conditions 


Temperature Range ............. 0c eee e eee -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Output is short circuit protected to ground. Brief short circuits to ground will not degrade reliability, however continuous (100% duty cycle) 
output current must not exceed 30mA for maximum reliability. 


2. 8ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsypp ,y = +5V, Ay = +1, Re = 510Q (Note 4), Ry, = 100, Unless Otherwise Specified 


PARAMETER TEST CONDITIONS 
INPUT CHARACTERISTICS 
Input Offset Voltage 


es 
Ln A POC 
Input Offset Voltage a ES 
Common-Mode Rejection Ratio 
Input Offset Voltage 
Power Supply Rejection Ratio 


Non-Inverting Input Bias Current — 


Non-Inverting Input Bias Current Drift 


Non-Inverting Input Bias Current 
Power Supply Sensitivity AVps = 41.8V 
Non-inverting Input Resistance 


=+1.2V 


Inverting Input Bias Current a —E 


> 


Inverting Input Bias Current Drift 


Inverting Input Bias Current AVcm = +1.8V 
Common-Mode Sensitivi 
y AVcm = +1.8V 


AVcom = +1.2V 
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Electrical Specifications —Vsyppyy = +5V, Ay = +1, Re = 5102 (Note 4), Ry, = 1002, Unless Otherwise Specified (Continued) 


(NOTE 3) 
TEST 
PARAMETER TEST CONDITIONS LEVEL 
A 


Inverting Input Bias Current 
Power Supply Sensitivity 


= +1.8V 
AVps = +1.8V 


> 

< 
= 
” 
I 


=+1.2V 


Inverting Input Resistance 
Input Capacitance (Either Input) 


Input Voltage Common Mode Range 
(Implied by Vig CMRR, +Rin, and -lpias 
CMS tests) 


Input Noise Voltage Density f = 100kHz 
Non-Inverting Input Noise Current Density] f = 100kHz 5 
Inverting Input Noise Current Density f = 100kHz | Be | 25 po = | 20 fe pA/VHz 


TRANSFER CHARACTERISTICS 


TmansrenchanactensTes 
Open oop Tasinpeaacecan [w= «dT © | = |- [=]. = 


AC CHARACTERISTICS Ay = +2, Re = 250, Unless Otherwise Specified 


25 360 MHz 


Ay = +2, Re = 2502 


ee 
av=vemensnn |e | _# || se] — | me 


> 

< 
a) 
” 
| 


Pyewre=oon[ e | = | - [| ao | - | me 
Mama [aysetRenasoa [8 10 iE 
170 MHz 


fvetRr=son | 8 | 
= 


Gain Flatness Ay = +1, Re = 1.5kQ 
(to 25MHz,VoytT = 0.2Vp-p) Ay=+2,Rp=2502 | B 35 
Ay = +2, Re = 3302 
Ay = +1, Re = 1.5kQ 
Ay = +2, Re = 2500 
Ay = +2, Re = 3302 


N 
oO 


S| 5 


Gain Flatness 
(to 50MHz,Voyt = 0.2Vp-p) 


S| 5 


- : 


< 


& 
i=) 
ine) 


N 
o1 


Minimum Stable Gain 


OUTPUT CHARACTERISTICS Rp =510Q, Unless Otherwise Specified 


rs 
w 
+ 
wo 
> 


oO 
Ht 
oO : 


Output Voltage Swing Ay =-1, Ry = 100Q 


‘|: 


3 
> 


Output Current Ay =-1, Ry = 50Q 


Output Short Circuit Current A! 
Closed Loop Output Impedance DC, Ay = +2, Re = 2502 


b 
ine) 
3 
> 


Second Harmonic Distortion 10MHz dBc 
= +2, Re = 250Q, V = 2Vp. 

(Ay = +2, Re OUT p-p) DOMHz dBe 

Third Harmonic Distortion 10MHz dBc 


(Ay = +2, Re = 250, Vout = 2Vp-p) 


20MHz 
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a 


ie) 
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Electrical Specifications Vsyppyy = +5V, Ay = +1, Re = 5109 (Note 4), Ry = 100Q, Unless Otherwise Specified (Continued) 


PARAMETER 
TRANSIENT CHARACTERISTICS Ay = +2, Re = 2502, Unless Otherwise Specified 
Rise and Fall Times 


(VouT = 9.5Vp.p) 


Overshoot (Note 5) 


(NOTE 3) 
TEST | TEMP. 
TEST CONDITIONS LEVEL (°C) TYP UNITS 


reotme ST ®@ | &@ | [en] = 
frame it = | = | [=| | = 
fos CCP | = dT Td 


sees fos To Ts Pe 
25 % 


OS 
Overshoot (Note 5) +OS 
(VouT = 9-5Vp-p, Vin trisE = 2-5ns) 


NO 
E 


Slew Rate 
(Vout = 4Vp-p, Ay = +1, Re = 1.5kQ) 


NM] Mh 
ayo 


Slew Rate 
(Vout = 5Vp-p, Ay = +2, Rp = 250) 


ie) 
2) 


+ ' 
op) 
| 
E 
on 


Slew Rate 
(Vout = 5Vp-p, Ay = -1, Re = 3302) 


) 
Be) 


s 
on 


Settling Time To 0.1% 
(VouT = +2V to OV step) 


NM fF PO 
sa 


ES 
= 
=z 
<= 
a 
= | | 
ae 
<- 


Positive Clamp Range 


Clamp Input Bias Current 


POWER SUPPLY CHARACTERISTICS 
Power Supply Range 
Power Supply Current 


NOTES: 


3S 


V/us 
V/us 
V/us 
V/us 
V/us 
V/us 


* 


3s 


a 


ETE 
< 


V 
V 


>| > 
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3. Test Level: A. Production Tested.; B. Typical or Guaranteed Limit Based on Characterization.; C. Design Typical for Information Only. 


4. The optimum feedback resistor for the HFA1135 at Ay = +1 is 1.5kQ. The Production Tested parameters are tested with Re = 510Q 
because the HFA1135 shares test hardware with the HFA1105 amplifier. 


5. Undershoot dominates for output signal swings below GND (e.g., 0.5Vp_p), yielding a higher overshoot limit compared to the 
Vout = OV to 0.5V condition. 
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Die Characteristics 


DIE DIMENSIONS: 


59 mils x 58.2 mils x 19 mils 
1500um x 1480um x 483um 


METALLIZATION: 


Type: Metal 1: AlCu(2%)/TiW 
Thickness: Metal 1: 8kA +0.4 


Type: Metal 2: AlCu(2%) 
Thickness: Metal 2: 16kA +0.8kA 


SUBSTRATE POTENTIAL (Powered Up): 


Floating (Recommend Connection to V-) 


Metallization Mask Layout 


i M\[e yr est Si 


aa asie (cag Temes ] ce He 


rs 


+IN 


HFA1135 


PASSIVATION: 


Type: Nitride 
Thickness: 4kA +0. 5kA 


TRANSISTOR COUNT: 
89 


PROCESS: 


Bipolar Dielectric Isolation 


HFA1135 
peo 7 


SRJ_ RUD 
5074SA03 


St Sabadiae 
21B 23B 


renin 4 


Pr = 
nar iil 
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Features 
e Low Supply Current 
¢ High Input Impedance 
e Wide -3dB Bandwidth 
Very Fast Slew Rate 
Gain Flatness (to 75MHz) 
Differential Gain 
Differential Phase 
Output Enable/Disable Time 
Pin Compatible Upgrade for CLC410 


Applications 

e Flash A/D Drivers 

¢ Video Switching and Routing 

e Professional Video Processing 
Video Digitizing Boards/Systems 
Multimedia Systems 
RGB Preamps 


Medical Imaging 


HFA1145 


330MHz, Low Power, Current Feedback Video 
Operational Amplifier with Output Disable 


0.03 Degrees 
180ns/35ns 


Hand Held and Miniaturized RF Equipment 


Battery Powered Communications 


Pinout 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


Copyright © Harris Corporation 1996 


Description 


The HFA1145 is a high speed, low power current feedback 
amplifier built with Harris’ proprietary complementary bipolar 
UHF-1 process. 


This amplifier features a TTL/CMOS compatible disable con- 
trol, pin 8, which when pulled low reduces the supply current 
and forces the output into a high impedance state. This 
allows easy implementation of simple, low power video 
switching and routing systems. Component and composite 
video systems also benefit from this op amp’s excellent gain 
flatness, and good differential gain and phase specifications. 


Multiplexed A/D applications will also find the HFA1145 use- 
ful as the A/D driver/multiplexer. 


The HFA1145 is a low power, high performance upgrade for 
the CLC410. 


For Military grade product, please refer to the HFA1145/883 
data sheet. 


Ordering Information 


PART NUMBER| TEMP. RANGE 
(BRAND) (°C) 
HFA‘ HEAI1451P | -40 to 85 8 Ld PDIP 


eed 1451B -40 to 85 8 Ld SOIC — 15 
(H11451) 


HFA11XXEVAL | DIP Evaluation Board for High Speed Op Amps 


HFA1145 
(PDIP, SOIC) 
TOP VIEW 


File Number 


3-628 


3955.2 


HFA1145 


Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- .. 0... eee 11V_ Thermal Resistance (Typical, Note 2) 8 ya (°C/W) 
DC Input Voltage ....... 66. eee eee eee eee eee VSUPPLY PDIP Package .........c0 ccc cece cence eeaee 130 
Diferenitial INDO VOUNEQO. «cc ase vavad sre essence zeae nin xd 8V SOIC Package.............. 0c eee eee eee eee 170 
Output Current (Note 1)................ Short Circuit Protected — Maximum Junction Temperature (Die Only)................ 175°C 
30mA Continuous Maximum Junction Temperature (Plastic Package) ........ 150°C 
. 6O0mA < 50% Duty Cycle Maximum Storage Temperature Range ......... -65°C to 150°C 
ESD Rating we vat hot-beas sausage toylo sal tet Gisbr a) tu. lesceieehte prat-aiie-ard-<y gar By Ga an At tet 6 >600V Maximum Lead Temperature (Soldering 10s) ee eee ee 300°C 
Operating Conditions (SOIC - Lead Tips Only) 


Temperature Range ................ cece ee ees -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Output is short circuit protected to ground. Brief short circuits to ground will not degrade reliability, however continuous (100% duty cycle) 
output current must not exceed 30mA for maximum reliability. 


2. Oya is Measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +5V, Ay = +1, Re = 510, R, = 100Q, Unless Otherwise Specified 


(NOTE 3) 
TEST 


LEVEL 


PARAMETER TEST CONDITIONS 
INPUT CHARACTERISTICS 


ae fs fe 
ee 


Average Input Offset Voltage Drift 
AVom = +1.8V 


Input Offset Voltage 
Common-Mode Rejection Ratio 


AVps = +1.8V 
AVps = +1.8V 


Input Offset Voltage 
Power Supply Rejection Ratio 


Non-Inverting Input Bias Current 


Non-Inverting Input Bias Current Drift 


Non-Inverting Input Bias Current 
Power Supply Sensitivity 


AVps = +1.2V 
AVcm = +1.8V 


Non-Inverting Input Resistance 


AVom = £1.8V 
AVcm = +1.2V 


Inverting Input Bias Current 


Inverting Input Bias Current Drift 


Inverting Input Bias Current 
Common-Mode Sensitivity 


ee 


Inverting Input Bias Current 
Power Supply Sensitivity 


Inverting Input Resistance 
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Electrical Specifications Vsyppyy = +5V, Ay = +1, Rr = 510, R, = 1009, Unless Otherwise Specified (Continued) 


TEMP. 
(°C) TYP UNITS | 
F 


25 p 


25, 85 1.8 | +24 P| V 


: lak 


V 
cs ee 


(NOTE 3) 
TEST 


PARAMETER TEST CONDITIONS LEVEL. 


Input Capacitance 


E 


Input Voltage Common Mode Range A 
(Implied by Vig CMRR, +Rin, and -Ipias 


CMS tests) 


Pe ie 
—_ 
ye) 


Input Noise Voltage Density (Note 6) f = 100kHz 2 
Non-Inverting Input Noise Current Density | f = 100kHz 25 2.5 pAVHz 
(Note 6) 


Inverting Input Noise Current Density f = 100kHz 
(Note 6) 


TRANSFER CHARACTERISTICS 


[Open taop Tensimpesence Gan [w=a «dwt dT do] 


AC CHARACTERISTICS Re =510Q, Unless Otherwise Specified 


(VouT = 0.2Vp.p, Note 6) 
Ay =-1, Rp = 425 
Ay =+2 

Full 


if oe) oP oc 
NI NIP NTN 


Ay = +10, Re = 1802 
Full 


=</= 
a (eo 
N | N 


Full Power Bandwidth Ay = +1, +Rg = 510 
=-1 
Ay = +2 


To 25MHz 


(Vout = 5Vp-p at Ay = +2/-1, 
4Vp._p at Ay = +1, Note 6) 


= 
= 
N 


— —|] MO] oO] @ 
w (oe oe meee ee) 
o1 O};OT;TOoO;] oO 


eS 


Gain Flatness 
(Ay = +2, VouT = 0.2Vp-_p, Note 6) 


& 


To 75MHz 


31S 


To 25MHz 
To 75MHz 


Gain Flatness 

(Ay = +1, +Rs = 510Q, Vout = 0.2Vp-_p, 
Note 6) 

Minimum Stable gain 


OUTPUT CHARACTERISTICS Ay = +2, Re = 5102, Unless Otherwise Specified 


nm nm 
uo on 
—_ 
— 
on 
= 
ne 
N 


= 


> 
< 


] Lae 


Output Voltage Swing Ay =-1, Ry = 1002 +3 
uate B) Ful | +28 
Output Current Ay = -1, Ry = 50Q 25, 85 


(Note 6) 


> 


| 
> I+ | ww 


Output Short Circuit Current 
Closed Loop Output Impedance (Note 6) 


> 


DC 

Second Harmonic Distortion 10MHz 
(Vout = 2Vp-p, Note 6) 20MHz 
Third Harmonic Distortion 10MHz 
(VouT = 2Vp.p, Note 6) | 20MHz 
Reverse Isolation (S15, Note 6) 30MHz 
TRANSIENT CHARACTERISTICS Ay = +2, Re = 510, Unless Otherwise Specified 
Rise and Fall Times 


dBc 
dBc 
dBc 
dBc 


ed 
uo 
' 
> 
_ 


ne) 
oO 


MPO ola 
OTPay;ata 


nN 
o1 


b 
on 


ro) 
ro) 
os) 
+e) 


fos) : 
’ 
Al: 
jee) 


B 
oi 


Vout = 9.5Vp_p 


Ak 
—s 


Full 
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Electrical Specifications Vsyppyy = +5V, Ay = +1, Rr = 510Q, R, = 1009, Unless Otherwise Specified (Continued) 


(NOTE 3) 
TEST 


PARAMETER TEST CONDITIONS LEVEL 
Overshoat Note a 
(VouT = 0 to 0.5V, Vin trise = 1Ns) “OS 25 fs | - | % 
Overshoot (Note 4) +OS 25 
(VouT = 0.5Vp-p, VIN tRISE = 1Ns) “0S 25 


Slew Rate +SR 
(VouT = 4Vp-p, Ay = +1, +Rg = 510Q) 


-SR (Note 5) 


Slew Rate +SR 
(VouT = 5Vp-p, Ay = +2) 


-SR (Note 5) 


Slew Rate 
(VouT = 5Vp-p, Av = -1) 


-SR (Note 5) 


To 0.1% 
To 0.05% 
To 0.02% 


Settling Time 
(VouT = +2V to OV step, Note 6) 


Bg 
2) 


nN 
— 


Overdrive Recovery Time 


VIDEO CHARACTERISTICS Ay =+2, Re = 510, Unless Otherwise Specified 


= 

Zz 
s 
< 


Differential Phase Ri = 150 | B&B | 2 | 
ae aro] LC «dC 
DISABLE CHARACTERISTICS 

3 | 


Disabled Supply Current 
DISABLE Input Logic Low 
DISABLE Input Logic High 


VDISABLE = OV 


DISABLE Input Logic Low Current VDISABLE = OV 
DISABLE Input Logic High Current VDISABLE = 5V 

Output Disable Time (Note 6) Vin =+1V, 

VDISABLE = 2.4V to OV 
Output Enable Time (Note 6) Vin =+1V, 

VDISABLE = OV to 2.4V 
VDISABLE = OV 


Disabled Output Leakage VDISABLE = OV, Vin = ¥2V, 
Vout = +8V 


NM 
a 
co 
on 
nm] 
: a?) 


ks 
w 

© 
EE 


Nn 
on 


7 
— 
E 
_ 
oO 
no) 
na 


Disabled Output Capacitance 


> 


oO 


yA 


POWER SUPPLY CHARACTERISTICS 
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Electrical Specifications Vsyppyy = +5V, Ay = +1, Rr = 510Q, R, = 1009, Unless Otherwise Specified (Continued) 


Power Supply Current 


NOTES: 


PARAMETER TEST CONDITIONS 


(NOTE 3) 
TEST TEMP. 
LEVEL (°C) TYP UNITS 


ee ee ee le 
ee ee ee 


3. Test Level: A. Production Tested; B. Typical or Guaranteed Limit Based on Characterization; C. Design Typical for Information Only. 

4. Undershoot dominates for output signal swings below GND (e.g. 0.5Vp_p), yielding a higher overshoot limit compared to the VoytT = 0 to 
0.5V condition. See the “Application Information” section for details. 

5. Slew rates are asymmetrical if the output swings below GND (e.g. a bipolar signal). Positive unipolar output signals have symmetric pos- 
itive and negative slew rates comparable to the +SR specification. See the “Application Information” section, and the pulse response 


graphs for details. 
6. See Typical Performance Curves for more information. 


Application Information 
Optimum Feedback Resistor 


Although a current feedback amplifiers bandwidth depen- 
dency on closed loop gain isn’t as severe as that of a voltage 
feedback amplifier, there can be an appreciable decrease in 
bandwidth at higher gains. This decrease may be minimized 
by taking advantage of the current feedback amplifiers unique 
relationship between bandwidth and Rr All current feedback 
amplifiers require a feedback resistor, even for unity gain 
applications, and Rg in conjunction with the internal compen- 
sation capacitor, sets the dominant pole of the frequency 
response. Thus, the amplifiers bandwidth is inversely propor- 
tional to Re The HFA1145 design is optimized for Rr = 510Q 
at a gain of +2. Decreasing Re decreases stability, resulting in 
excessive peaking and overshoot (Note: Capacitive feedback 
will cause the same problems due to the feedback impedance 
decrease at higher frequencies). At higher gains, however, the 
amplifier is more stable so Re can be decreased in a trade-off 
of stability for bandwidth. 


The table below lists recommended Rr values for various 
gains, and the expected bandwidth. For a gain of +1, a 
resistor (+Rs) in series with +IN is required to reduce gain 
peaking and increase stability. 


ptteo | ree | 
(Act) Re (Q) (MHz) 


a 
P| sro esioay [270 


Non-inverting Input Source Impedance 


For best operation, the DC source impedance seen by the 
non-inverting input should be >50Q. This is especially impor- 
tant in inverting gain configurations where the non-inverting 
input would normally be connected directly to GND. 


DISABLE Input TTL Compatibility 


The HFA1145 derives an internal GND reference for the dig- 
ital circuitry as long as the power supplies are symmetrical 


about GND. With symmetrical supplies the digital switching 
threshold (VrH = (Vin + Vi_)/2 = (2.0 + 0.8)/2) is 1.4V, which 
ensures the TTL compatibility of the DISABLE input. If asym- 
metrical supplies (e.g. +10V, OV) are utilized, the switching 
threshold becomes: 


V++V- 


VTH = 5 +1.4V 


and the Vi and Vj; levels will be Vy} + 0.6V, respectively. 
Optional GND Pad (Die Use Only) for TTL Compatibility 


The die version of the HFA1145 provides the user with a GND 
pad for setting the disable circuitry GND reference. With sym- 
metrical supplies the GND pad may be left unconnected, or tied 
directly to GND. If asymmetrical supplies (e.g. +10V, OV) are uti- 
lized, and TTL compatibility is desired, die users must connect 
the GND pad to GND. With an external GND, the DISABLE 
input is TTL compatible regardless of supply voltage utilized. 


Pulse Undershoot and Asymmetrical Slew Rates 


The HFA1145 utilizes a quasi-complementary output stage to 
achieve high output current while minimizing quiescent supply 
current. In this approach, a composite device replaces the tradi- 
tional PNP pulldown transistor. The composite device switches 
modes after crossing OV, resulting in added distortion for sig- 
nals swinging below ground, and an increased undershoot on 
the negative portion of the output waveform (See Figures 5, 8, 
and 11). This undershoot isn’t present for small bipolar signals, 
or large positive signals. Another artifact of the composite 
device is asymmetrical slew rates for output signals with a neg- 
ative voltage component. The slew rate degrades as the output 
signal crosses through OV (See Figures 5, 8, and 11), resulting 
in a slower overall negative slew rate. Positive only signals have 
symmetrical slew rates as illustrated in the large signal positive 
pulse response graphs (See Figures 4, 7, and 10). 


PC Board Layout 


This amplifier’s frequency response depends greatly on the 
care taken in designing the PC board. The use of low 
inductance components such as chip resistors and chip 
capacitors is strongly recommended, while a solid 
ground plane is a must! 
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Attention should be given to decoupling the power supplies. 
A large value (10uF) tantalum in parallel with a small value 
(0.1p.F) chip capacitor works well in most cases. 


Terminated microstrip signal lines are recommended at the 
device’s input and output connections. Capacitance, para- 
sitic or planned, connected to the output must be minimized, 
or isolated as discussed in the next section. 


Care must also be taken to minimize the capacitance to ground 
at the amplifiers inverting input (-IN), as this capacitance 
Causes gain peaking, pulse overshoot, and if large enough, 
instability. To reduce this capacitance, the designer should 
remove the ground plane under traces connected to -IN, and 
keep connections to -IN as short as possible. 


An example of a good high frequency layout is the Evaluation 
Board shown in Figure 2. 


Driving Capacitive Loads 


Capacitive loads, such as an A/D input, or an improperly 
terminated transmission line will degrade the amplifier’s 
phase margin resulting in frequency response peaking and 
possible oscillations. In most cases, the oscillation can be 
avoided by placing a resistor (Rs) in series with the output 
prior to the capacitance. 


Figure 1 details starting points for the selection of this resis- 
tor. The points on the curve indicate the Rs and C,_ combina- 
tions for the optimum bandwidth, stability, and settling time, 
but experimental fine tuning is recommended. Picking a 
point above or to the right of the curve yields an overdamped 
response, while points below or left of the curve indicate 
areas of underdamped performance. 


Rs and C,_ form a low pass network at the output, thus limiting 
system bandwidth well below the amplifier bandwidth of 
270MHz (for Ay = +1). By decreasing Rs as C,_ increases (as 
illustrated in the curves), the maximum bandwidth is obtained 
without sacrificing stability. In spite of this, the bandwidth 
decreases as the load capacitance increases. For example, at 
Ay = +1, Rg = 62, C, = 40pF, the overall bandwidth is lim- 
ited to 180MHz, and bandwidth drops to 75MHz at Ay = +1, 
Rs = 8Q, C, = 400pF. 


ER CRRA SER EEE 
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SERIES OUTPUT RESISTANCE (Q) 


0 
0 50 100 150 200 250 300 350 400 
LOAD CAPACITANCE (pF) 
FIGURE 1. RECOMMENDED SERIES OUTPUT RESISTOR vs 
LOAD CAPACITANCE 


Evaluation Board 


The performance of the HFA1145 may be evaluated using 
the HFA11XX Evaluation Board. 


The layout and schematic of the board are shown in Figure 


2. The Vy connection may be used to exercise the DISABLE 


pin, but note that this connection has no 50Q termination. To 
order evaluation boards (part number HFA11XXEVAL), 
please contact your local sales office. 


FIGURE 2A. TOP LAYOUT 


FIGURE 2B. TOP LAYOUT 


FIGURE 2C. TOP LAYOUT 


FIGURE 2. EVALUATION BOARD SCHEMATIC AND LAYOUT 
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Typical Performance Curves VsuppLy = +5V, Re = 510Q, Ty = 25°C, Ry, = 1002, Unless Otherwise Specified 


200 
Ay = +1 


= = 
w 90 O 
9 = 
KE 0 3 
= 5 
- « 
e E 
5-100 5 
} 

-150 

-200 

TIME (5ns/DIV.) TIME (5ns/DIV.) 
FIGURE 3. SMALL SIGNAL PULSE RESPONSE FIGURE 4. LARGE SIGNAL POSITIVE PULSE RESPONSE 


OUTPUT VOLTAGE (V) 
OUTPUT VOLTAGE (mV) 


TIME (5ns/DIV.) TIME (5ns/DIV.) 


FIGURE 5. LARGE SIGNAL BIPOLAR PULSE RESPONSE FIGURE 6. SMALL SIGNAL PULSE RESPONSE 
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FIGURE 7. LARGE SIGNAL POSITIVE PULSE RESPONSE FIGURE 8. LARGE SIGNAL BIPOLAR PULSE RESPONSE 
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Typical Performance Curves Vsuppty = +5V, Re = 5109, Ta = 25°C, Ry = 1002, Unless Otherwise Specified (Continued) 


OUTPUT VOLTAGE (mV) 
OUTPUT VOLTAGE (V) 


TIME (5ns/DIV.) TIME (5ns/DIV.) 


FIGURE 9. SMALL SIGNAL PULSE RESPONSE FIGURE 10. LARGE SIGNAL POSITIVE PULSE RESPONSE 


20 
Zo 
Oo wW 
DISABLE — 
S 800mV/DIV. qj 
= (0.4V to 2.4V) co 
o us 
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a e) 
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a 400mV/DIV. 
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re} 


0 +i fit | | ft |v 
weevmey | oT | | Lf 


TIME (5ns/DIV.) TIME (50ns/DIV.) 


FIGURE 11. LARGE SIGNAL BIPOLAR PULSE RESPONSE FIGURE 12. OUTPUT ENABLE AND DISABLE RESPONSE 
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FIGURE 13. FREQUENCY RESPONSE FIGURE 14, FREQUENCY RESPONSE 
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Typical Performance Curves VsuppLy = +5V, Re = 5102, Ta = 25°C, Ry = 100Q, Unless Otherwise Specified (Continued) 
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Vout = 5Vp-p (-1, +2) 
+Rg = 5102 (+1) = 
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NORMALIZED GAIN (dB) 
NORMALIZED GAIN (dB) 
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0.3 1 10 100 500 100 = 200 
FREQUENCY (MHz) FREQUENCY (MHz) 
FIGURE 15. FREQUENCY RESPONSE FOR VARIOUS OUTPUT FIGURE 16. FULL POWER BANDWIDTH 
VOLTAGES 


voor=romveo [ITT | LTT ave 
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FIGURE 17. FREQUENCY RESPONSE FOR VARIOUS LOAD FIGURE 18. -3dB BANDWIDTH vs TEMPERATURE 
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FIGURE 19. GAIN FLATNESS FIGURE 20. OFF ISOLATION 


3-636 


Typical Performance Curves Vsyppiy = +5V, Re = 510, Ta = 25°C, R,, = 1002, Unless Otherwise Specified (Continued) 


REVERSE ISOLATION (dB) 


SETTLING ERROR (%) 


DISTORTION (dBc) 


HFA1145 
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ea on ge MUM TMT 
= CLL Sea EN 
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en (MHz) 


FIGURE 21. REVERSE ISOLATION (S492) 


Ay = +2 
Vout = 2V 


3 8 13 18 23 28 33 £38 
TIME (ns) 


FIGURE 23. SETTLING RESPONSE 


OUTPUT POWER (dBm) 


FIGURE 25. THIRD HARMONIC DISTORTION vs Poyt 
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DISTORTION (dBc) 


sees (MHz) 


FIGURE 22. ENABLED OUTPUT IMPEDANCE 


OUTPUT POWER (dBm) 


FIGURE 24. SECOND HARMONIC DISTORTION vs Poyr 
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FIGURE 26. OUTPUT VOLTAGE vs TEMPERATURE 
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HFA1145 
Typical Performance Curves Vsyppyy = +5V, Rr = 5102, Ta = 25°C, Ri, = 100, Unless Otherwise Specified (Continued) 
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FIGURE 27. INPUT NOISE CHARACTERISTICS FIGURE 28. SUPPLY CURRENT vs SUPPLY VOLTAGE 
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Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
59 mils x 59 mils x 19 mils Type: Nitride 
1500um x 1500um x 483m Thickness: 4kA +0.5kA 
METALLIZATION: TRANSISTOR COUNT: 
Type: Metal 1: AlCu(2%)/TIW 75 


Thickness: Metal 1: 8kA +0.4 SUBSTRATE POTENTIAL (Powered Up): 


Type: Metal 2: AlCu(2%) 


Thickness: Metal 2: 16kA +0.8kA Floating (Recommend Connection to V-) 


Metallization Mask Layout 
HFA1145 


rf ! 


SRJ_ RJD 
SO74SA01 


-IN DISABLE z (dp) 
z= & 
oO W 
O74SAISA - L. 
238 q 7 
- 
V+ ou 
— 3 * 
a 
an | 
OUT 
+IN 


V- OPTIONAL GND (NOTE) 


NOTE: This pad is not bonded out on packaged units. Die users may set a GND reference, via this pad, to ensure the TTL compatibility 
of the DIS input when using asymmetrical supplies (e.g. V+ = 10V, V- = OV). See the “Application Information” section for details. 
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SEMICONDUCTOR 


ao 


HFA1205 


Dual, 400MHz, Low Power, 


November 1996 Video Operational Amplifier 


Features Description 
e Low Supply Current............... 5.8mA/Op Amp The HFA1205 is a dual, high speed, low power current 
. feedback amplifier built with Harris’ proprietary 
* High Input Impedance... 26.665 .cccccecresvesss 2MQ complementary bipolar UHF-1 process. 
* Wide -3dB Bandwidth (Ay = +2)... ++ sese+s. 400MHZ these amplifiers deliver 400MHz bandwidth and 1275V/us 
° Very Fast Slew Rate................000ee 1275V/us slew rate, on only 60mW of quiescent power. They are 
. specifically designed to meet the performance, power, and 
* Gain Flatness (to SOMHz) ................... +0.034B cost requirements of high volume video applications. The 
° Differential Gain............cc cece eee eee 0.03% excellent gain flatness and differential gain/phase 
performance make these amplifiers well suited for 


Differential Phase................. 


Pin Compatible Upgrade to HA5023 


Applications 


Flash A/D Drivers 

High Resolution Monitors 

Video Switching and Routing 
Professional Video Processing 
Video Digitizing Boards/Systems 
Multimedia Systems 

RGB Preamps 


Medical Imaging 


Hand Held and Miniaturized RF Equipment 


Battery Powered Communications 


High Speed Oscilloscopes and Analyzers 


Pinout 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


Copyright © Harris Corporation 1996 


component or composite video applications. Video 
performance is maintained even when driving a back 
terminated cable (Ry = 150), and degrades only slightly 
when driving two back terminated cables (Ry = 75Q). RGB 
applications will benefit from the high slew rates, and high 
full power bandwidth. 


The HFA1205 is a pin compatible, low power, high perfor- 
mance upgrade for the popular Harris HA5023. For a dual 
amplifier with output disable capability, please see the 
HFA1245 datasheet. 


Ordering Information 


PART NUMBER TEMP. 
(BRAND) RANGE (°C) 
HHFA1205IP -40to85 |8Ld PDIP E83 | 3 


—— -40to85 |8LdSOIC ia 15 
(H12051) 


HA5023EVAL High Speed Op Amp DIP Evaluation Board 


HFA1205 
(PDIP, SOIC) 
TOP VIEW 


OUT1 
-IN1 
+IN1 
V- 


3605.4 


File Number 
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HFA1205 


Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- ............ eee eee eee 11V Thermal Resistance (Typical, Note 1) 8a (°C/W) 
DC Input Voltage ........ 6... eee ee eee eee eee VSUPPLY POD PRUAGE «ven cexececedocateae ia nennews 130 
DIGErGnel WIPE VONMUO. is sctccnceceerrn asa ekwe oKoen ie 8V SOIC Package. ........... cece eee eee ee eee 160 
Output Current (Note 2) ................ Short Circuit Protected — \Waximum Junction Temperature (Die Only)................ 175°C 
30mA Continuous Maximum Junction Temperature (Plastic Package) ........ 150°C 
60mA < 50% Duty Cycle Maximum Storage Temperature Range ......... -65°C to 150°C 
ESD Rating Maximum Lead Temperature (Soldering 10s)............ 300°C 


Human Body Model (Per MIL-STD-883 Method 3015.7) ... 600V (SOIC - Lead Tips Only) 


Operating Conditions 
Temperature Range ...............0 0c ee eeee -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. @ya is measured with the component mounted on an evaluation PC board in free air. 


2. Output is short circuit protected to ground. Brief short circuits to ground will not degrade reliability, however continuous (100% duty cycle) 
output current must not exceed 30mA for maximum reliability. 


Electrical Specifications Vsyppyy =+5V, Ay = +1, Re = 560Q, R; = 100Q, Unless Otherwise Specified 


(NOTE 3) 
TEST 
LEVEL 


Rw ERASE 
ee Ee 
Input Offset Voltage tna I Ce I 
Common-Mode Rejection Ratio 

avons | A | 
avou=siav | A _| 
airssvv | A | 
Ca ME 
JAVpg= 41.2000 = 21 JAVpg= 41.2000 
Non-Inverting Input Bias Current =e eee 
oe [e 
Ce 
Non-Inverting Input Bias Current ee ee ce ee De ke ae 
Power Supply Sensitivity 

i CC CC 


PARAMETER TEST CONDITIONS 


INPUT CHARACTERISTICS 


Input Offset Voltage 


AMPLIFIERS 


OPERATIONAL 


° 
1?) 


3 


Input Offset Voltage 
Power Supply Rejection Ratio 


5 
oa 
oO 


ine) 


= 
> 


> 


> 


Non-Inverting Input Resistance 


Inverting Input Bias Current 


Inverting Input Bias Current Drift 
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HFA1205 


Electrical Specifications Vsyppyy =+5V, Ay = +1, Re = 560Q, R, = 1009, Unless Otherwise Specified (Continued) 


(NOTE 3) 
TEST 
PARAMETER TEST CONDITIONS 


Inverting Input Bias Current 
Common-Mode Sensitivity 


Inverting Input Bias Current AVps = +1.8V 
Power Supply Sensitivity 
AVps = +1.8V 
AVps = +1.2V 
Inverting Input Resistance a 


Input Voltage Common Mode Range 
(Implied by Vig CMRR, +Riyn, and -lpias 
CMS tests) 
f = 100kHz 
f = 100kHz 
Inverting Input Noise Current Density f = 100kHz 


TRANSFER CHARACTERISTICS 


opentooptanepeiwencan a= «dT © ] @]- 7.) - | a 
AC CHARACTERISTICS Ay = +2, Re = 4642, Unless Otherwise Specified 
wee if *® | | |] | me 
v=are=wen | 8 | = | - [am | - | me 
(Vout = 5Vp-p at Ay = +2/-1, 
aeiRe=wea [8 | = | - | mo] - | we 
rosa fc ed 
ape 


cess C= [-[=[-[e 
oe c= {|-[#|[-[s 
OUTPUT CHARACTERISTICS Rr = 5602, Unless Otherwise Specified 


Output Voltage Swing 


nN 
B 


Output Current 
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Electrical Specifications Vsyppyy = +5V, Ay = +1, Re = 560Q, R; = 100Q, Unless Otherwise Specified (Continued) 


(NOTE 3) 
TEST 


PARAMETER TEST CONDITIONS 


Second Harmonic Distortion 


ee 8 | 8 
Third Harmonic Distortion 10MHz ) B | a | - | 5 | dBc 
(Ay = +2, Re = 464Q, Vout = 2Vp-p) 


TRANSIENT CHARACTERISTICS Ay = +2, Re = 464Q, Unless Otherwise Specified 


Rise and Fall Times (Voyt = 0.5Vp.p) 25 | 08 | 

Fall Time 25 1.25 
Overshoot VouT = 0.5Vp-p, 25 5 

VIN trisE = 2.5ns 
Slew Rate +SR 1050 V/us 
(Vout = 4Vp-p, Ay = +1, +Rg = 432Q) 

-SR 25 Vius 
Slew Rate (Vout = 5Vp-p, Ay = +2) +SR 25 1375 V/us 


25 875 V/s 


nN 
ol 


nN N N 
ayo o 


ie) 
on 


Slew Rate 2250 V/us 


(Vout = 5Vp-p, Ay = -1, Rp = 332Q) 


ae) 
on 


1275 Vis 


o 
_ 
on 


Settling Time (Vout = +2V to OV step) 1% 


N 


0 


3 


oe) 


9° 


ololol ole] @ 
Slele|"iatT~ 
oO i © 
813 
oO | oo 


oO 


Overdrive Recovery Time Vin = +2V 


VIDEO CHARACTERISTICS Ay = +2, Re = 4642, Unless Otherwise Specified 


Differential Gain (f = 3.58MHz) Fo=t500 = | BY os | | 008 | % 
A= 750 Te [| a | - | on % 

Differential Phase (f = 3.58MHz) [ens es De - e= 0.03 
Aamo | 8 | | 


POWER SUPPLY CHARACTERISTICS 


NO 
oi 


a] it 
@ | in 


+5.5 


Power Supply Range 


mA/ 
Op Amp 


Power Supply Current 25 5.8 


mA/ 
Op Amp 


Full 5.4 5.9 3 


NOTE: 
3. Test Level: A. Production Tested.; B. Typical or Guaranteed Limit Based on Characterization.; C. Design Typical for Information Only. 
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AMPLIFIERS 


HFA1205 


Application Information 
Optimum Feedback Resistor 


Although a current feedback amplifiers bandwidth dependency 
on closed loop gain isn’t as severe as that of a voltage feedback 
amplifier, there can be an appreciable decrease in bandwidth at 
higher gains. This decrease may be minimized by taking 
advantage of the current feedback amplifiers unique 
relationship between bandwidth and Rr. All current feedback 
amplifiers require a feedback resistor, even for unity gain 
applications, and Re, in conjunction with the internal 
compensation capacitor, sets the dominant pole of the 
frequency response. Thus, the amplifiers bandwidth is 
inversely proportional to Re. The HFA1205 design is optimized 
for a 464Q Re at a gain of +2. Decreasing Re decreases 
stability, resulting in excessive peaking and overshoot (Note: 
Capacitive feedback will cause the same problems due to the 
feedback impedance decrease at higher frequencies). At 
higher gains the amplifier is more stable, so Re can be 
decreased in a trade-off of stability for bandwidth. 


The table below lists recommended Rr values for various 
gains, and the expected bandwidth. For good channel-to- 
channel gain matching, it is recommended that all resistors 
(termination as well as gain setting) be +1% tolerance or better. 
Note that a series input resistor, on +IN, is required for a gain of 
+1, to reduce gain peaking and increase stability. 


GAIN BANDWIDTH 
(Ac) Rg (Q) (MHz) 


a 


I 


Non-inverting Input Source Impedance 


For best operation, the DC source impedance seen by the 
non-inverting input should be 2>50Q. This is especially 
important in inverting gain configurations where the non- 
inverting input would normally be connected directly to GND. 


PC Board Layout 


The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 
use of low inductance components such as chip resis- 
tors and chip capacitors is strongly recommended, 
while a solid ground plane is a must! 


Attention should be given to decoupling the power supplies. 
A large value (10u.F) tantalum in parallel with a small value 
(0.1F) chip capacitor works well in most cases. 


Terminated microstrip signal lines are recommended at the 
input and output of the device. Capacitance directly on the 
output must be minimized, or isolated as discussed in the 
next section. 


Care must also be taken to minimize the capacitance to 
ground seen by the amplifiers inverting input (-IN). The 
larger this capacitance, the worse the gain peaking, resulting 
in pulse overshoot and possible instability. To this end, it is 


recommended that the ground plane be removed under 
traces connected to -IN, and connections to -IN should be 
kept as short as possible. 


Driving Capacitive Loads 


Capacitive loads, such as an A/D input, or an improperly 
terminated transmission line will degrade the amplifier’s 
phase margin resulting in frequency response peaking and 
possible oscillations. In most cases, the oscillation can be 
avoided by placing a resistor (Rs) in series with the output 
prior to the capacitance. 


Figure 1 details starting points for the selection of this resis- 
tor. The points on the curve indicate the Rs and C; combina- 
tions for the optimum bandwidth, stability, and settling time, 
but experimental fine tuning is recommended. Picking a 
point above or to the right of the curve yields an overdamped 
response, while points below or left of the curve indicate 
areas of underdamped performance. 


Rs and C, form a low pass network at the output, thus lim- 
iting system bandwidth well below the amplifier bandwidth 
of 280MHz (for Ay=+1). By decreasing Rs as C, 
increases (as illustrated in the curves), the maximum band- 
width is obtained without sacrificing stability. In spite of this, 
bandwidth decreases as the load capacitance increases. 
For example, at Ay = +1, Rs = 62Q, C; = 40pF, the overall 
bandwidth is limited to 180MHz, and bandwidth drops to 
70MHz at Ay = +1, Rs = 8, C, = 400pF. 


50 


SERIES OUTPUT RESISTANCE () 


0 
0 100 150 200 250 300 350 400 
LOAD CAPACITANCE (pF) 
FIGURE 1. RECOMMENDED SERIES OUTPUT RESISTOR vs 
LOAD CAPACITANCE 


Evaluation Board 


The performance of the HFA1205 may be evaluated using 
the HA5023 Evaluation Board. The feedback and gain set- 
ting resistors must be replaced with the appropriate value 
(see “Optimum Feedback Resistor’ section) for the gain 
being evaluated. 


To order evaluation boards (Part Number HA5023EVAL), 
please contact your local sales office. 
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HFA1205 


Typical Performance Curves Vsypp.y = +5V, Rr = Optimum Value From “Apps Info” Table, Ta = 25°C, R, = 1002, 
Unless Otherwise Specified 


OUTPUT VOLTAGE (mV) 


TIME (5ns/DIV.) 


FIGURE 2. SMALL SIGNAL PULSE RESPONSE 
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FIGURE 4. FREQUENCY RESPONSE 


NORMALIZED GAIN (dB) 


FREQUENCY (MHz) 


FIGURE 6. GAIN FLATNESS 


OUTPUT VOLTAGE (V) 


TIME (5ns/DIV.) 


FIGURE 3. LARGE SIGNAL PULSE RESPONSE 
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FIGURE 5. FULL POWER BANDWIDTH 
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FIGURE 7. CROSSTALK vs FREQUENCY 
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AMPLIFIERS 


Die Characteristics 


DIE DIMENSIONS: 


69 mils x 92 mils x 19 mils 
1750um x 2330um x 483um 


METALLIZATION: 


Type: Metal 1: AlCu(2%)/TiW 
Thickness: Metal 1: 8kA +0, 4kA 


Type: Metal 2: AlCu(2%) 
Thickness: Metal 2: 16kA +0. 8kA 


Metallization Mask Layout 


NC 


+IN1 
NC 


NC 


HFA1205 


SUBSTRATE POTENTIAL (Powered Up): 


Floating (Recommend Connection to V-) 


PASSIVATION: 


Type: Nitride 
Thickness: 4kA +0). 5kA 


TRANSISTOR COUNT: 
180 


HFA1205 


-IN1 OUT1 NC 


Ce ad 
een ied Z| 
mE Min Bug i= 
ute pa eas Mies LF, 


OUT2 


a “ora «Coie 
[sah La 


. 

a = eal siti ctf 
ears Tee 
a nS 


NC +IN2 


. 
Er 
| Le 7 


-IN2 


3-646 


MHARRIS HFA1212 


Dual 350MHz, Low Power 


August 1996 Closed Loop Buffer Amplifier 

Features Description 
* Differential Gain... ..<.00ssosscncca mene ows 0.025% The HFA1212 is a dual closed loop Buffer featuring user 
om F programmable gain and high speed _ performance. 
Differential Phase................4.. 0.03 Degrees Manufactured on Harris’ proprietary complementary bipolar 
¢ Wide -3dB Bandwidth (Ay = +2) ............ 350MHz UHF-1 process, these devices offer wide -3dB bandwidth of 
350MHz, very fast slew rate, excellent gain flatness and high 

e Very Fast Slew Rate (Ay =-1)............. 1100V/us output current. 

* Low Supply Current ............+-... 6mA/Buffer 4 unique feature of the pinout allows the user to select a 
¢ High Output Current ..............000ee eee 60mA __ voltage gain of +1, -1, or +2, without the use of any external 
; components. Gain selection is accomplished via 
* Excellent Gain Accuracy.................. 0.99V/V_ connections to the inputs, as described in the “Application 


Information” section. The result is a more flexible product, 


e User Programmable For Closed-Loop Gains of +1, -1 eran = 
fewer part types in inventory, and more efficient use of board 


or +2 Without Use of External Resistors 


space. 
* Overdrive Recovery... 1. .sccsessscsescacwnes 8ns a _ - 
a Compatibility with existing op amp pinouts provides flexibility 
¢ Standard Operational Amplifier Pinout to upgrade low gain amplifiers, while decreasing component aw 
count. Unlike most buffers, the standard pinout provides an zac 
Applications upgrade path should a higher closed loop gain be needed at Oo = 
a future date. For Military product, refer to the HFA1212/883 > 7 
e High Resolution Monitors data sheet. cr = 
¢ Professional Video Processing >} < 


Ordering Information 


PART NUMBER TEMP. 
(BRAND) RANGE (°C) 
HRAI212IP -40to85 |8Ld PDIP 


HFA12121B -40to85 |8LdSOIC = 15 
(H12121) 


¢ Medical Imaging 


e Video Digitizing Boards/Systems 


e RF/IF Processors 


¢ Battery Powered Communications 


e Flash Converter Drivers 


¢ High Speed Pulse Amplifiers 


Pinout 
HFA1212 
(PDIP, SOIC) 
TOP VIEW 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3607.3 


Copyright © Harris Corporation 1996 3-647 


HFA1212 


Absolute Maximum Rating 


Supp VONEGS (V510 VW) sc cccaaic ecivonesissaenacuzens 11V 
DC Input VONAGE «00.65. ccdsecceveneweseteeneeens VSUPPLY 
Output Current (Note 1)................ Short Circuit Protected 
ESD Rating 


Human Body Model (Per MIL-STD-883 Method 3015.7) ... 600V 


Operating Conditions 


Temperature Range ..............002..0e eee -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 2) 8 ya (CCW) 
POP PAGHAGG 66s bic cae ciedetasaueesacanss 130 
ONG PEOHOG oan cnc cedaseucneseed wwhien des 160 

Maximum Junction Temperature (Die).................000. 175°C 

Maximum Junction Temperature (Plastic Package) ........ 150°C 

Maximum Storage Temperature Range ......... -65°C to 150°C 

Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Output is protected for short circuits to ground. Brief short circuits to ground will not degrade reliability, however, continuous (100% duty 
cycle) output current should not exceed 30mA for maximum reliability. 


2. 68ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +5V, Ay = +1, Ry, = 100Q, Unless Otherwise Specified. 


TEST 


PARAMETER 
INPUT CHARACTERISTICS 
Output Offset Voltage 


Average Output Offset Voltage Drift 


Channel-to-Channel Output Offset 
Voltage Mismatch 


Common-Mode Rejection Ratio AVcm = +1.8V 


AVcom = +1.8V 


Power Supply Rejection Ratio 


Input Bias Current 


Input Bias Current Drift 


Channel-to-Channel Input Bias Current 
Mismatch 


Input Bias Current Power Supply Sensitivity 


E 
—s 
2 
ro) 


Input Resistance 


Inverting Input Resistance 
Input Capacitance 


CONDITIONS 


AVps = +1.8V 
AVps = +1.8V 
AVps = +1.2V 


AVps = +1.25V 


AVcm = +1.8V 
AVco = +1.8V 
AVcm = +1.2V 


AVow = +1.2V 


Input Voltage Common Mode Range 

(Implied by Vig CMRR and +Rin, tests) 

Input Noise Voltage Density (Note 4) f = 100kHz 
Input Noise Current Density (Note 4) f = 100kHz 


TEMP 
(°C) TYP UNITS 


~T=]-]2]°] w_ 


A 


eee a 
es ee 


£ 
io) 


fas 
Ts 
Tas [fos f+ | av 


3508 
= ac 
asf 


as 
Ts | 
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(NOTE 3) 
TEST 


TEST 
CONDITIONS 


Electrical Specifications Vsyppyy = +5V, Ay = +1, Ry, = 100, Unless Otherwise Specified. (Continued) 
PARAMETER 


TEMP | 
(°C) TYP UNITS 
TRANSFER CHARACTERISTICS 


a ro [foes [vv 


Channel-to-Channel Gain Mismatch 


AC CHARACTERISTICS 


-3dB Bandwidth 
(VouT = 0.2Vp-p, Note 4) 


2 
ll 


sla 
ao}, 
rm] w 
ISS eo) 
le 
= 
i 
N 


Ay = +1, +Rs = 6200 
Ay = +2 


Full Power Bandwidth 
(VouT = 5Vp-p at Ay = +2 or -1, 
Vout = 4Vp-p at Ay = +1, Note 4) 


= 
i) 


ala 
at} on 
=| w 
nn 
alo 
a 
ol Ie 
NTN 


Ay = +1, +Rg = 62002 
Ay = +2 

Gain Flatness Ay = +2, To 25MHz 
(Vout = 0-2Vp-p, Note 4) Ay = +2, To 50MHz 


Crosstalk 5MHz 
(All Channels Hostile, Note 4) {O0MHz 


OUTPUT CHARACTERISTICS 


Output Voltage Swing Ay = -1 +3,2 
wae 28 
Output Current Ay =-1, Rp = 50Q 25, 85 55 


(Note 4) 


> 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
Zz 


A 
Second Harmonic Distortion 10MHz [ = | dBc 
(Ay = +2, Vout = 2Vp-p, Note 4) 20MHz =| aie 
Third Harmonic Distortion 10MHz dBc 


(Ay - +2, VOUT = 2Vp-p, Note 4) 20MHz sai 


Reverse Isolation (S19, Note 4) 30MHz, Ay = +2 
TRANSIENT RESPONSE Ay = +2, Unless Otherwise Specified 


(Vout = 0.5Vp-p) Fall Time 
(Vout = 0-5Vp-p, VIN trise = ins, Note ©) 


ns 


5 
5 
5 
5 
5 
5 
40 
5 
5 
5 
5 
5 
25 
25 
29 
25 
25 
25 
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HFA1212 


Electrical Specifications 


TEST 
CONDITIONS 


PARAMETER 


Slew Rate 
(VouT = 5Vp-p at Ay = +2 or -1, 
VouT = 4Vp-p at Ay = +1) 


Ay = +1, 
+Rs = 620Q 


Ay = +2 


To 0.1% 

To 0.05% 
To 0.02% 
Vin = +2V 


Settling Time 
(Vout = +2V to OV Step, Note 4) 


Overdrive Recovery Time 

VIDEO CHARACTERISTICS 

Differential Gain (f = 3.58MHz, Ay = +2) 
Differential Phase (f = 3.58MHz, Ay = +2) 
POWER SUPPLY CHARACTERISTICS 
Power Supply Range 


R, = 150Q 
Ry = 150Q 


Power Supply Current 


NOTES: 
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Vsuppty = +5V, Ay = +1, RL = 100Q, Unless Otherwise Specified. (Continued) 


(NOTE 3) 
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3. Test Level: A. Production Tested; B. Typical or Guaranteed Limit Based on Characterization; C. Design Typical for Information Only. 


4. See Typical Performance Curves for more information. 


5. Negative overshoot dominates for output signal swings below GND (e.g. 0.5Vp.p), yielding a higher overshoot limit compared to the 
Vout = OV to 0.5V condition. See the “Application Information” section for details. 


Application Information 


HFA1212 Advantages 


The HFA1212 features a novel design which allows the user 
to select from three closed loop gains, without any external 
components. The result is a more flexible product, fewer part 
types in inventory, and more efficient use of board space. 
Implementing a dual, gain of 2, cable driver with this IC elim- 
inates the four gain setting resistors, which frees up board 
space for termination resistors. 


Like most newer high performance amplifiers, the HFA1212 is a 
current feedback amplifier (CFA). CFAs offer high bandwidth 
and slew rate at low supply currents, but can be difficult to use 
because of their sensitivity to feedback capacitance and para- 
sitics on the inverting input (Summing node). The HFA1212 
eliminates these concerns by bringing the gain setting resistors 
on-chip. This yields the optimum placement and value of the 
feedback resistor, while minimizing feedback and summing 
node parasitics. Because there is no access to the summing 
node, the PCB parasitics do not impact performance at gains of 
+2 or -1 (see “Unity Gain Considerations” for discussion of par- 
asitic impact on unity gain performance). 


The HFA1212’s closed loop gain implementation provides 
better gain accuracy, lower offset and output impedance, 
and better distortion compared with open loop buffers. 


Closed Loop Gain Selection 


This “buffer’ operates in closed loop gains of -1, +1, or +2, with 
gain selection accomplished via connections to the inputs 
Applying the input signal to +IN and floating -IN selects a gain 
of +1 (see next section for layout caveats), while grounding -IN 
selects a gain of +2. A gain of -1 is obtained by applying the 
input signal to -IN with +IN grounded through a 50Q. resistor. 


The table below summarizes these connections: 


CONNECTIONS 


(Act) 
Tt 0 GND pt 
npr NC Floating) | 
a 
Unity Gain Considerations 


Unity gain selection is accomplished by floating the -Input of 
the HFA1212. Anything that tends to short the -Input to GND, 
such as stray capacitance at high frequencies, will cause the 
amplifier gain to increase toward a gain of +2. The result is 
excessive high frequency peaking, and possible instability. 
Even the minimal amount of capacitance associated with 
attaching the -Input lead to the PCB results in approximately 
6dB of gain peaking. At a minimum this requires due care to 
ensure the minimum capacitance at the -Input connection. 
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TABLE 1. UNITY GAIN PERFORMANCE FOR VARIOUS IMPLEMENTATIONS 


+Rs = 620Q 


Short +IN to -IN (@.g., Pins 2 and 3) 
100pF Capacitor Between +IN and -IN 


Table 1 lists five alternate methods for configuring the 
HFA1212 as a unity gain buffer, and the corresponding perfor- 
mance. The implementations vary in complexity and involve 
performance trade-offs. The easiest approach to implement is 
simply shorting the two input pins together, and applying the 
input signal to this common node. The amplifier bandwidth 
decreases from 430MHz to 280MHz, but excellent gain flat- 
ness is the benefit. A drawback to this approach is that the 
amplifier input noise voltage and input offset voltage terms 
see a gain of +2, resulting in higher noise and output offset 
voltages. Alternately, a 100pF capacitor between the inputs 
shorts them only at high frequencies, which prevents the 
increased output offset voltage but delivers less gain flatness. 


Another straightforward approach is to add a 6202 resistor 
in series with the amplifier’s positive input. This resistor and 
the HFA1212 input capacitance form a low pass filter which 
rolls off the signal bandwidth before gain peaking occurs. 
This configuration was employed to obtain the data sheet AC 
and transient parameters for a gain of +1. 


Pulse Overshoot 


The HFA1212 utilizes a quasi-complementary output stage to 
achieve high output current while minimizing quiescent supply 
current. In this approach, a composite device replaces the tradi- 
tional PNP pulldown transistor. The composite device switches 
modes after crossing OV, resulting in added distortion for sig- 
nals swinging below ground, and an increased overshoot on 
the negative portion of the output waveform (see Figure 6, Fig- 
ure 9, and Figure 12). This overshoot isn’t present for small 
bipolar signals (see Figure 4, Figure 7, and Figure 10) or large 
positive signals (see Figure 5, Figure 8 and Figure 11). 


PC Board Layout 


This amplifiers frequency response depends greatly on the 
care taken in designing the PC board (PCB). The use of low 
inductance components such as chip resistors and chip 
capacitors is strongly recommended, while a solid 
ground plane is a must! 


Attention should be given to decoupling the power supplies. 
A large value (10uF) tantalum in parallel with a small value 
(0.1F) chip capacitor works well in most cases. 


Terminated microstrip signal lines are recommended at the 
input and output of the device. Capacitance directly on the 
output must be minimized, or isolated as discussed in the 
next section. 


APPROACH PEAKING (dB) BW (MHz) +0.1dB GAIN FLATNESS (MHz) 


a 
Le 
a 


An example of a good high frequency layout is the Evalua- 
tion Board shown in Figure 3. 


Driving Capacitive Loads 


Capacitive loads, such as an A/D input, or an improperly ter- 
minated transmission line will degrade the amplifiers phase 
margin resulting in frequency response peaking and possi- 
ble oscillations. In most cases, the oscillation can be avoided 
by placing a resistor (Rs) in series with the output prior to 
the capacitance. 


Figure 1 details starting points for the selection of this resis- 
tor. The points on the curve indicate the Rg and Ci combina- 
tions for the optimum bandwidth, stability, and settling time, 
but experimental fine tuning is recommended. Picking a 
point above or to the right of the curve yields an overdamped 
response, while points below or left of the curve indicate 
areas of underdamped performance. 


Rs and C,_ form a low pass network at the output, thus limit- 
ing system bandwidth well below the amplifier bandwidth of 
350MHz. By decreasing Rs as C, increases (as illustrated in 
the curves), the maximum bandwidth is obtained without 
sacrificing stability. In spite of this, bandwidth decreases as 
the load capacitance increases. 
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Evaluation Board 


The performance of the HFA1212 may be evaluated using 
the HA5023 Evaluation Board, slightly modified as follows: 


1. Remove the two feedback resistors, and leave the con- 
nections open. 
2. a. For Ay = +1 evaluation, remove the gain setting 
resistors (Rj), and leave pins 2 and 6 floating. 
b. For Ay = +2, replace the gain setting resistors (Rj) with 
OQ resistors to GND. 


The modified schematic for amplifier 1, and the board layout 
are shown in Figures 2 and 3. 


To order evaluation boards (part number HA5023EVAL), 
please contact your local sales office. 


-5V 0 NOTE: Ry = © (Ay = +1) 
or 02 (Ay = +2) 


FIGURE 2. MODIFIED EVALUATION BOARD SCHEMATIC 


@ HARRIS SEMICONDUCTOR © 


HAS823 OUT! 
NON- INVERT ING 
GRIN FIXTURE 


OUT2 


fe . INI 
se) 
iS AG r 


FIGURE 3A. TOP LAYOUT 


FIGURE 3B. BOTTOM LAYOUT 
FIGURE 3. EVALUATION BOARD LAYOUT 


Typical Performance Curves VsuppLy = +5V, Ta = 25°C, Ry = 100Q, Unless Otherwise Specified 


OUTPUT VOLTAGE (mV) 


TIME (5ns/DIV.) 


FIGURE 4. SMALL SIGNAL PULSE RESPONSE 


OUTPUT VOLTAGE (V) 
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TIME (5ns/DIV.) 


FIGURE 5. LARGE SIGNAL POSITIVE PULSE RESPONSE 
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Typical Performance Curves (continued) Vsyppry = +5V, Ta = 25°C, R, = 1002, Unless Otherwise Specified 


OUTPUT VOLTAGE (V) 
OUTPUT VOLTAGE (mV) 


TIME (5ns/DIV.) TIME (5ns/DIV.) 


FIGURE 6. LARGE SIGNAL BIPOLAR PULSE RESPONSE FIGURE 7. SMALL SIGNAL PULSE RESPONSE 
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Typical Performance Curves (Continued) Vsyppiy = +5V, Ta = 25°C, Ri = 1002, Unless Otherwise Specified 


OUTPUT VOLTAGE (V) 


NORMALIZED GAIN (dB) 
oo 


GAIN (dB) 


TIME (5ns/DIV.) 


FIGURE 12. LARGE SIGNAL BIPOLAR PULSE RESPONSE 
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FIGURE 14. FULL POWER BANDWIDTH 
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FIGURE 16. REVERSE ISOLATION 
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CROSSTALK (dB) 
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FIGURE 15. GAIN FLATNESS 
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FIGURE 17. ALL HOSTILE CROSSTALK 
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Typical Performance Curves (continued) Vsyppiy = +5V, Ta = 25°C, Ri, = 1002, Unless Otherwise Specified 


DISTORTION (dBc) 
DISTORTION (dBc) 


OUTPUT POWER (dBm) OUTPUT POWER (dBm) 


FIGURE 18. 2nd HARMONIC DISTORTION vs Poyrt FIGURE 19. 3rd HARMONIC DISTORTION vs Poyrt 
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NOISE VOLTAGE (nV/VHz) 
NOISE CURRENT (pA/VHz) 
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FIGURE 20. SETTLING RESPONSE FIGURE 21. INPUT NOISE CHARACTERISTICS 
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FIGURE 22. OUTPUT VOLTAGE vs TEMPERATURE 
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Die Characteristics 
DIE DIMENSIONS: 


69 mils x 92 mils x 19 mils 
1750um x 2330um x 483um 


METALLIZATION: 


Type: Metal 1: AlCu(2%)/TiW 
Thickness: Metal 1: 8kA +0.4kA 


Type: Metal 2: AlCu(2%) 
Thickness: Metal 2: 16kA +0.8kA 


Metallization Mask Layout 


NC 


+IN1 


NC 


NC 


-IN1 OUT1 NC 


HFA1212 


PASSIVATION: 


Type: Nitride 
Thickness: 4kA +0.5kA 


TRANSISTOR COUNT: 
180 
SUBSTRATE POTENTIAL (Powered Up): 


Floating (Recommend Connection to V-) 


HFA1212 
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Dual, 530MHz, Low Power, Video 
Operational Amplifier with Disable 


Features 
¢ Low Supply Current 
High Input Impedance 
Low Crosstalk (5MHz) 
High Off Isolation (SMHz) 
Wide -3dB Bandwidth (Ay = +2) 
Very Fast Slew Rate 


Gain Flatness (to 50MHz) ............ 


Differential Gain 

Differential Phase 

Individual Output Enable/Disable 
Output Enable/Disable Time 

Pin Compatible Upgrade to HA5022 


Applications 

¢ Flash A/D Drivers 

e High Resolution Monitors 

¢ Video Multiplexers 

¢ Video Switching and Routing 
Professional Video Processing 
Video Digitizing Boards/Systems 

Multimedia Systems 

RGB Preamps 
Medical Imaging 


Hand Held and Miniaturized RF Equipment 


Battery Powered Communications 


High Speed Oscilloscopes and Analyzers 


Pinout 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


Copyright © Harris Corporation 1996 


530MHz 
1050V/us 


peaees +0.11dB 


Description 


The HFA1245 is a dual, high speed, low power current 
feedback amplifier built with Harris’ proprietary complementary 
bipolar UHF-1 process. 


The HFA1245 features individual TTL/CMOS compatible 
disable controls. When pulled low they disable the 
corresponding amplifier, which reduces the supply current and 
forces the output into a high impedance state. This feature 
allows easy implementation of simple, low power video 
switching and routing systems. Component and composite 
video systems also benefit from this op amp’s excellent gain 
flatness, and good differential gain and phase specifications. 


Multiplexed A/D applications will also find the HFA1245 
useful as the A/D driver/multiplexer. 


The HFA1245 is a low power, high performance upgrade for 
the popular Harris HA5022. For a dual amplifier without 
disable, in a standard 8 lead pinout, please see the HFA1205 
data sheet. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


HFA12451P -40to85 |14Ld PDIP E143 


HFA12451B -40to85 |14Ld SOIC M14.15 
HA5022EVAL High Speed Op Amp DIP Evaluation Board 


HFA1245 
(PDIP, SOIC) 
TOP VIEW 
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Absolute Maximum Ratings 


Voltage Between V+ and V- ... 0... 0... eee eee 11V 
ee VEN 4. os ase newew oa pe emer esemeweun eae VSUPPLY 
Differential Input Voltage... . 0.0.2... eee eee ee 8V 
Output Current (Note 2) ................ Short Circuit Protected 


30mA Continuous 
60mA < 50% Duty Cycle 

ESD Rating 
Human Body Model (Per MIL-STD-883 Method 3015.7) ... 600V 


Operating Conditions 


Temperature Range -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) 8 ya (°C/W) 
PO PaCOe 6 ences ent etches ade cten scam} 100 
DOIG PACKAGE. «6 2ssenecazisaneue senneweaes 120 

Maximum Junction Temperature (Die)............-....... 175°C 

Maximum Junction Temperature (Plastic Package) ........ 150°C 

Maximum Storage Temperature Range ......... -65°C to 150°C 

Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


2. Output is short circuit protected to ground. Brief short circuits to ground will not degrade reliability, however continuous (100% duty cycle) 


output current must not exceed 30mA for maximum reliability. 


Electrical Specifications Vsyppyy = +5V, Ay = +1, Re = 560Q, R, = 100Q, Unless Otherwise Specified 


PARAMETER 
INPUT CHARACTERISTICS 


TEST CONDITIONS 


Input Offset Voltage 


Average Input Offset Voltage Drift Lt 


Input Offset Voltage 
Common-Mode Rejection Ratio 


AVcm = £1.8V 


Input Offset Voltage 
Power Supply Rejection Ratio 


AVps = +1.8V 
AVps = +1.8V 
AVps = +1.2V 


Non-Inverting Input Bias Current 


Non-Inverting Input Bias Current Drift 


Non-Inverting Input Bias Current 
Power Supply Sensitivity 


AVps = +1.8V 
AVps = +1.8V 
AVps = +1.2V 
Non-Inverting Input Resistance AVom = £1.8V 
AVow = £1.8V 
AVcm = +1.2V 


Inverting Input Bias Current 


Inverting Input Bias Current Drift 


Inverting Input Bias Current 
Common-Mode Sensitivity 
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Electrical Specifications Vsyppyy = +5V, Ay = +1, Re = 560Q, R, = 1002, Unless Otherwise Specified (Continued) 


TEMP. 
PARAMETER (°C) TYP UNITS 


4 


A/V 
Inverting Input Resistance 
Input Capacitance 


Input Voltage Common Mode Range 
(Implied by Vig CMRR, +Rin, and -lpias 
CMS tests) 


TRANSFER CHARACTERISTICS 


TTRANSFERGHARACTERIGTICS 
Open oop TarsinpecnceGen [waa <i «© | = ||] | = 


AC CHARACTERISTICS Ay = +2, Re = 5602, Unless Otherwise Specified 


Ay =-1, Rp = 5100 230 MHz 

Full Power Bandwidth Ay = +1, +Rs = 560Q 150 MHz 
(VouT = 5Vp-p at Ay = +2/-1, ~ 

4Vp.p at Ay = +1) Ay = #2 130 MHz 

=-1, Rp =5100 120 MHz 


+0.04 
+0.11 


Gain Flatness (Ay = +2, Voyt = 0.2Vp-p) 


ine) 
on 


> 


Full 


Minimum Stable Gain 


Crosstalk (Note 4) 
10MHz 


OUTPUT CHARACTERISTICS Re = 5602, Unless Otherwise Specified 
Ay =-1, Ry = 100 
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Full +28 
25, 85 50 


Output Voltage Swing +3.4 


B 


| 
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Output Current Ay =-1, Ry = 50Q 


ne) 
oa 


= | 
> 


Output Short Circuit Current 
DC Closed Loop Output Impedance Ay = +2, Re = 560Q 


Nh 
on 


NM 


0.07 


dBc 
dBc 
dBc 
dBc 


10MHz 
20MHz 
10MHz 


Second Harmonic Distortion 
(Ay = +2, Re = 560, Vout = 2Vp-p) 


ine) 
on 


‘ 
eS 
oO 
NO 
fo) 
' ' ' 
_~ Le 


or 
on 


Nh 
oi 


ye) 
on 


Third Harmonic Distortion 
(Ay = +2, Re = 5602, Vout = 2Vp-p) 


ine) 
on 
' 
on 
oO 


TRANSIENT CHARACTERISTICS Ay = +2, Re = 5602, Unless Otherwise Specified 


0.65 
1.20 


Rise and Fall Times (Voyt = 0.5Vp-p) Rise Time 


Fall Time 


Overshoot Vout = 0.5Vp-p, 
Vin trise = 1.0ns 
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Electrical Specifications —Vsyppyy = +5V, Ay = +1, Re = 560Q, R, = 100Q, Unless Otherwise Specified (Continued) 


PARAMETER UNITS 
V/us 
V/us 
V/us 
V/us 
V/us 
V/us 


Slew Rate 
(VouT = 4Vp-p, Ay = +1, +Rs = 560Q) 


Slew Rate (Voyt = 5Vp-p, Ay = +2) 


Slew Rate 
(VouT = 5Vp-p, Ay = -1, Rp = 51022) 


a 

Tooome st | P| 

varaive Recon tine ——‘vw=zew +t 8 | = | | os 

VIDEO CHARACTERISTICS Ay = +2, Rr = 5600, Unless Otherwise Specified 

Differential Gain (f = 3.58MHz) Cyc a = nn = De 
mame | s |= | [om 

Differential Phase (f = 3.58MHz) Ce a = ee 
are fe | = [| om 


Settling Time (VoytT = +2V to OV step) 


Degrees 


Degrees 


DISABLE CHARACTERISTICS 


Disabled Supply Current 
DISABLE Input Logic Voltage 


DISABLE Input Logic Low Current VDISABLE = OV 
DISABLE Input Logic High Current VDISABLE = 5V 


Pe 
| 20 | 
Eee 
ee 
Le 
Output Disable Time Vin =+1V, 
Le a 
a eae 
| 8 a 


> 


on 
> 


Output Enable Time Vin =+1V, 
VDISABLE = OV to 2.4V 


Disabled Output Capacitance VDISABLE = OV 
Disabled Output Leakage VDISABLE = OV, A Full 
Vin = +2V, Vout = +38V 


Off Isolation (VpisaBLe = OV, At SMHz 
SS Ee ee At 10MHz 


POWER SUPPLY CHARACTERISTICS 
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Tse [59 | 63 [maron ane 


NOTES: 
3. Test Level: A. Production Tested.; B. Typical or Guaranteed Limit Based on Characterization.; C. Design Typical for Information Only. 


4. The typical use for these amplifiers is in multiplexed configurations, where one amplifier (hostile channel) is enabled, and the passive 
channel is disabled. The crosstalk data specified is tested in this manner, with the input signal applied to the hostile channel, while mon- 
itoring the output of the passive channel. Crosstalk performance with both the hostile and passive channels enabled is typically: -63dB 
at 5MHz, and -50dB at 10MHz. 
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Application Information 
Optimum Feedback Resistor 


Although a current feedback amplifiers bandwidth dependency 
on closed loop gain isn’t as severe as that of a voltage feedback 
amplifier, there can be an appreciable decrease in bandwidth at 
higher gains. This decrease may be minimized by taking advan- 
tage of the current feedback amplifiers unique relationship 
between bandwidth and Rr. All current feedback amplifiers 
require a feedback resistor, even for unity gain applications, and 
Re, in conjunction with the internal compensation capacitor, sets 
the dominant pole of the frequency response. Thus, the ampli- 
fiers bandwidth is inversely proportional to Re. The HFA1245 
design is optimized for a 560Q Re at a gain of +2. Decreasing 
Rp decreases stability, resulting in excessive peaking and over- 
shoot (Note: Capacitive feedback will cause the same problems 
due to the feedback impedance decrease at higher frequen- 
cies). At higher gains the amplifier is more stable, so Re can be 
decreased in a trade-off of stability for bandwidth. 


The table below lists recommended Re values for various 
gains, and the expected bandwidth. For good channel-to- 
channel gain matching, it is recommended that all resistors 
(termination as well as gain setting) be +1% tolerance or bet- 
ter. Note that a series input resistor, on +IN, is required for a 
gain of +1, to reduce gain peaking and increase stability. 


GAIN BANDWIDTH 
(AcL) Re (Q) (MHz) 


Non-inverting Input Source Impedance 


For best operation, the DC source impedance looking out of 
the non-inverting input should be >50Q. This is especially 
important in inverting gain configurations where the non- 
inverting input would normally be connected directly to GND. 


Optional GND Pin for TTL Compatibility 


The HFA1245 derives an internal GND reference for the dig- 
ital circuitry as long as the power supplies are symmetrical 
about GND. The GND reference is used to ensure the TTL 
compatibility of the DISABLE inputs. With symmetrical sup- 
plies the GND pin (Pin 12) may be floated, or connected 
directly to GND. If asymmetrical supplies (e.g., +10V, OV) are 
utilized, and TTL compatibility is desired, the GND pin must 
be connected to GND. 


PC Board Layout 


The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 
use of low inductance components such as chip resis- 
tors and chip capacitors is strongly recommended, 
while a solid ground plane is a must! 


Attention should be given to decoupling the power supplies. 
A large value (10u.F) tantalum in parallel with a small value 
(0.1p.F) chip capacitor works well in most cases. 


Terminated microstrip signal lines are recommended at the 
input and output of the device. Capacitance directly on the 
output must be minimized, or isolated as discussed in the 
next section. 


Care must also be taken to minimize the capacitance to 
ground seen by the amplifier’s inverting input (-IN). The 
larger this capacitance, the worse the gain peaking, resulting 
in pulse overshoot and possible instability. To this end, it is 
recommended that the ground plane be removed under 
traces connected to -IN, and connections to -IN should be 
kept as short as possible. 


Driving Capacitive Loads 


Capacitive loads, such as an A/D input, or an improperly ter- 
minated transmission line will degrade the amplifiers phase 
margin resulting in frequency response peaking and possi- 
ble oscillations. In most cases, the oscillation can be avoided 
by placing a resistor (Rs) in series with the output prior to 
the capacitance. 


Figure 1 details starting points for the selection of this resis- 
tor. The points on the curve indicate the Rs and C, combina- 
tions for the optimum bandwidth, stability, and settling time, 
but experimental fine tuning is recommended. Picking a 
point above or to the right of the curve yields an overdamped 
response, while points below or left of the curve indicate 
areas of underdamped performance. 


Rs and C, form a low pass network at the output, thus limiting 
system bandwidth well below the amplifier bandwidth of 
290MHz (for Ay = +1). By decreasing Rs as C, increases (as 
illustrated in the curves), the maximum bandwidth is obtained 
without sacrificing stability. Even so, bandwidth does decrease 
as you move to the right along the curve. For example, at 
Ay =+1, Rg = 62Q, Cy = 40pF, the overall bandwidth is lim- 
ited to 180MHz, and bandwidth drops to 7OMHz at Ay = +1, 
Rs = 8Q, C, = 400pF. 


“CAT TTT TTT 
o NEC 
CONE 


SERIES OUTPUT RESISTANCE (Q) 


0 100 150 200 250 300 350 400 
LOAD CAPACITANCE (pF) 


FIGURE 1. RECOMMENDED SERIES OUTPUT RESISTOR vs 
LOAD CAPACITANCE 
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Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL (Powered Up): 
69 mils x 92 mils x 19 mils Floating (Recommend Connection to V-) 
1750um x 2330um x 483m 

PASSIVATION: 

METALLIZATION: Type: Nitride 

Type: Metal 1: AlCu(2%)/TiW Thickness: 4kA +0.5kA 


Thickness: Metal 1: 8kA +0.4 


Type: Metal 2: AlCu(2%) 
Thickness: Metal 2: 16kA +0.8kA 180 


TRANSISTOR COUNT: 


Metallization Mask Layout 
HFA1245 


-IN1 OUT1 GND (SEE NOTE 5) 


V+ 
+IN1 
ws se a} esgpes ie ! 
ee Sys au 
Sor acim « an 
NC 
DISABLE1 
\- s : melee 5% 
we orm). fae alae 
IPT. 
DISABLE2 ites! shiny i ie 
eo fc i aie 
ein ts 
NC 
+IN2 OUT2 


NOTE: 


5. This is an optional GND pad. Users may set a GND reference, via this pad, to ensure the TTL compatibility of the DISABLE inputs when 
using asymmetrical supplies (e.g., V+ = 10V, V- = OV). See the “Application Information” section for details. 
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@ HARRIS HFA1405 


Quad, 560MHz, Low Power, Video 
November 1996 Operational Amplifier 


Features Description 


Low Supply Current The HFA1405 is a quad, high speed, low power current feed- 
back amplifier built with Harris’ proprietary complementary 


High Input Impedance bipolar UHF-1 process. 


Wide -3dB Bandwidth (Ay = +2) ainda These amplifiers deliver up to 560MHz bandwidth and 
Very Fast Slew Rate 1700V/us 1700V/s slew rate, on only 58mW of quiescent power. They 
: are specifically designed to meet the performance, power, 
Gain Flatness (to SOMHz) ................... +0.03dB and cost requirements of high volume video applications. 
Differential Gain i The excellent gain flatness and differential gain/phase per- 
formance make these amplifiers well suited for component or 
Differential Phase composite video applications. Video performance is main- 
All Hostile Crosstalk (5MHz) tained even when driving a back terminated cable 
(Ry = 150), and degrades only slightly when driving two 
Pin Compatible Upgrade to HA5025, CLC414, and back terminated cables (Ri = 75Q). RGB applications will 
CLC415 benefit from the high slew rates, and high full power band- 
width. 


App lications The HFA1405 is a pin compatible, low power, high perfor- 
e Flash A/D Drivers mance upgrade for the popular Harris HA5025, and for the 


CLC414 and CLC415. 
e Professional Video Processing 


OPERATIONAL 
AMPLIFIERS 


e Video Digitizing Boards/Systems Ordering Information 


Multimedia Systems TEMP. 
PART NUMBER | RANGE (°C) 


RGB Preamps HFA14051B “40 to85 114Ld SOIC M14.15 


Medical Imaging HFA1405IP -40to85 |14Ld PDIP E14.3 
Hand Held and Miniaturized RF Equipment HASO025EVAL High Speed Op Amp DIP Evaluation Board 


Battery Powered Communications 


High Speed Oscilloscopes and Analyzers 


Pinout 


HFA1405 
(PDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 360 44 
Copyright © Harris Corporation 1996 3-663 
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Absolute Maximum Ratings Ta = 25°C 


Voltage Between V+ and V- ... 0... cece eee 11V 
DG WG VONRGS os cise cstnesvesdeesiediaetaenens VSUPPLY 
peters (PU VONSOGs sa oe csewdrcdavenrensbadssswasas 5V 
Output Current (Note 2)................ Short Circuit Protected 


30mA Continuous 
60mA < 50% Duty Cycle 
ESD Rating 


Thermal Information 


Thermal Resistance (Typical, Note 1) By (CCW) 
WG PRORNOR. 2 é averse neke thas wand Bae eeu 120 
POP PAGKEGS 62 occ ctcsaecdenas Kedeaee sands 100 

Maximum Junction Temperature (Die).................05. 175°C 

Maximum Junction Temperature (Plastic Package) ........ 150°C 

Maximum Storage Temperature Range ......... -65°C to 150°C 

Maximum Lead Temperature (Soldering 10s)............ 300°C 


Human Body Model (Per MIL-STD-883 Method 3015.7) ... 600V (SOIC - Lead Tips Only) 
Operating Conditions 
Temperature Range ............ 000 e eee eee -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. 6ja is measured with the component mounted on an evaluation PC board in free air. 


2. Output is short circuit protected to ground. Brief short circuits to ground will not degrade reliability, however continuous (100% duty cycle) 
output current must not exceed 30mA for maximum reliability. 


Electrical Specifications Vsyppyy = +5V, Ay = +1, Re = 510, R, = 100, Unless Otherwise Specified 


HFA14051B (SOIC) | HFA1405IP (PDIP) 
Lwin | ave | wax} min | tye | max | unis 


INPUT CHARACTERISTICS 

Ca T*=[-]*]*]-]*]*]~_ 
a 

Pecans np oreetvorageorm| |e [raf -[1]~|-|[7_ 
= = 


Input Offset Voltage AVcm = +1.8V 
Common-Mode Rejection Ratio AVom = #1.8V 


AVcom = +1.2V 
AVps = +1.8V 


TEMP. 


PARAMETER TEST CONDITIONS| LEVEL | (°C) 


coe 
oa 


Input Offset Voltage 
Power Supply Rejection Ratio 


Non-Inverting Input Bias Current 
Power Supply Sensitivity 


ew | A | =] | 
avesestev [A | @ | — | 08 
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Non-Inverting Input Resistance 


inverting Input Bias Current = 
Inverting Input Bias Current Drift 


Inverting Input Bias Current 
Common-Mode Sensitivity 
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Electrical Specifications Vsyppyy = +5V, Ay = +1, Rr = 510Q, R, = 100Q, Unless Otherwise Specified (Continued) 


(NOTE 4) HFA14051B (SOIC) HFA1405IP (PDIP) 
TEST | TEMP. 
PARAMETER TEST CONDITIONS} LEVEL | (°C) win | typ | Max | win | tye | max UNITS 
Inverting Input Bias Current AVps = +1.8V t A | | ae | | - | 2 | = | [= | 2] 6 | pA/V 
Power Supply Sensitivity 5 ele 
ps =. 


Inverting Input Resistance 
Input Capacitance 


Input Voltage Common Mode A 
Range A 
(Implied by Vig CMRR, +Riy, and 

-lBias CMS Tests) pe 


Non-Inverting Input Noise Current | f = 100kHz 2.5 25 
Density 


inerngnpsinaceCurenbonyfiaroore | 6 | = f-|=|-|-|#| [ore 


TRANSFER CHARACTERISTICS 


TRANSFERCHARAGTERTIOS 
[pentoop TansinpecancosanJw=7 J © | *]-]™]-|-|™]-| 
AC CHARACTERISTICS (Note 3) 
8 Bandwat wet * [= ]-] |] -][| | 
Noursoavrenowss.s) Tare |e | =| |e] || « 
Aes | 8 | =] | 
wes | 8 | = 
fay. Toosme] 8 | = 
Aya. Tosowe| 8 | 2 
Paya oroowe| —B_| 
z 
5 


E 


ae) 


He 

ror) 
= 
> <|<|%|>|& 
x] nl 


+ 
—_, 
i co 


=k 
oO 
oO 


—_ 
oO 
oO 


Gain Flatness 
(VouT = 0.2Vp-p, Notes 3, 5) 
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Ay = +2, To 50MHz 
Minimum Stable Gain fo. 


Crosstalk 5MHz 


(Ay = +2, All Channels Hostile, 
Note 5) 10MHz 


OUTPUT CHARACTERISTICS Ay = +2 (Note 3), Unless Otherwise Specified 


Output Voltage Swing =-1,R; = 
(Note 5) 

Output Current Ay =-1, Ry = 50 
(Note 5) 


Output Short Circuit Current Fo 
Closed Loop Output Impedance ed 
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Electrical Specifications Vsyppyy = +5V, Ay = +1, Re = 510, Ry, = 100, Unless Otherwise Specified (Continued) 


(NOTE 4) HFA14051B (SOIC) | HFA1405IP (PDIP) 
PARAMETER 


TEST TEMP. 
Second Harmonic Distortion 10MHz 


Lee Ee cee ie 
(Vout = 2Vp-p, Note 5) pn es ee 


dBc 
dBc 


Third Harmonic Distortion 10MHz 
(VouT = 2Vp-p, Note 5) 
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TRANSIENT CHARACTERISTICS Ay = +2 (Note 3), Unless Otherwise Specified 
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Rise and Fall Times 
(VouT = 0.5Vp-p, Note 3) 
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Overshoot 


(VouT = 9-5Vp-p, VIN tRisE = 1s, 
Notes 3, 6) 
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Slew Rate 
(VouT = 5Vp-p, Notes 3, 5) 
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VIDEO CHARACTERISTICS Ay = +2 (Note 3), Unless Otherwise Specified 

— crea | 8 | =| [oo] | —_ 
— nrea | 8 | =| joo] | 


POWER SUPPLY CHARACTERISTICS 


NOTES: 


3. The optimum feedback resistor depends on closed loop gain and package type. The following resistors were used for the PDIP/SOIC 
characterization: Ay =-1, Re = 3102/360Q; Ay = +2, Re = 4020/5102; Ay = +6, Re = 5002/5002. See the Application Information 
section for more information. 


5 
st 
on 
oO 
oO 


Settling Time 
(VouT = +2V to OV Step, Note 5) 
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6.3 mA/Op 
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4. Test Level: A. Production Tested; B. Typical or Guaranteed Limit Based on Characterization; C. Design Typical for Information Only. 
5. See Typical Performance Curves for more information. 


6. Undershoot dominates for output signal swings below GND (e.g., 2Vp-p), yielding a higher overshoot limit compared to the Voyrt = OV to 
2V condition. See the “Application Information” section for details. 


3-666 


HFA1405 


Application Information 
Performance Differences Between PDIP and SOIC 


The amplifiers comprising the HFA1405 are high frequency 
current feedback amplifiers. As such, they are sensitive to 
feedback capacitance which destabilizes the op amp and 
causes overshoot and peaking. Unfortunately, the standard 
quad op amp pinout places the amplifiers output next to its 
inverting input, thus making the package capacitance an 
unavoidable parasitic feedback capacitor. The larger para- 
sitic capacitance of the PDIP requires an inherently more 
stable amplifier, which yields a PDIP device with lower per- 
formance than the SOIC device - see Electrical Specification 
tables for details. 


Because of these performance differences, designers 
should evaluate and breadboard with the same package 
style to be used in production. 


Note that the “Typical Performance Curves” section has sep- 
arate pulse and frequency response graphs for each pack- 
age type. Graphs not labeled with a specific package type 
are applicable to both packages. 


Optimum Feedback Resistor 


Although a current feedback amplifiers bandwidth depen- 
dency on closed loop gain isn’t as severe as that of a voltage 
feedback amplifier, there can be an appreciable decrease in 
bandwidth at higher gains. This decrease may be minimized 
by taking advantage of the current feedback amplifier’s 
unique relationship between bandwidth and Rr. All current 
feedback amplifiers require a feedback resistor, even for 
unity gain applications, and Rr, in conjunction with the inter- 
nal compensation capacitor, sets the dominant pole of the 
frequency response. Thus, the amplifiers bandwidth is 
inversely proportional to Re. The HFA1405 design is opti- 
mized for Re = 4020/510Q (PDIP/SOIC) at a gain of +2. 
Decreasing Rr decreases stability, resulting in excessive 
peaking and overshoot (Note: Capacitive feedback causes 
the same problems due to the feedback impedance 
decrease at higher frequencies). However, at higher gains 
the amplifier is more stable so Re can be decreased in a 
trade-off of stability for bandwidth. 


The table below lists recommended Rr values for various 
gains, and the expected bandwidth. For good channel-to- 
channel gain matching, it is recommended that all resistors 
(termination as well as gain setting) be +1% tolerance or 
better. 


OPTIMUM FEEDBACK RESISTOR 


GAIN Re () BANDWIDTH (MHz) 
(Act) PDIP/SOIC PDIP/SOIC 
310/360 360/420 


402/510 400/560 
500/500 (Note) 100/140 


NOTE: Re = 500 is not the optimum value. It was chosen to match 
the Re of the CLC414 and CLC415, for performance compar- 
ison purposes. Performance at Ay = +6 may be increased by 
reducing Re below 50092 


Non-inverting Input Source Impedance 


For best operation, the DC source impedance seen by the 
non-inverting input should be >50Q. This is especially 
important in inverting gain configurations where the non- 
inverting input would normally be connected directly to GND. 


Pulse Undershoot 


The HFA1405 utilizes a quasi-complementary output stage to 
achieve high output current while minimizing quiescent supply 
current. In this approach, a composite device replaces the tradi- 
tional PNP pulldown transistor. The composite device switches 
modes after crossing OV, resulting in added distortion for sig- 
nals swinging below ground, and an increased undershoot on 
the negative portion of the output waveform (see Figure 6 and 
Figure 9). This undershoot isn’t present for small bipolar sig- 
nals, or large positive signals (see Figure 5 and Figure 8). 


PC Board Layout 


The frequency response of this amplifier depends greatly on 
the amount of care taken in designing the PC board. The 
use of low inductance components such as chip resis- 
tors and chip capacitors is strongly recommended, 
while a solid ground plane is a must! 


Attention should be given to decoupling the power supplies. 
A large value (10uF) tantalum in parallel with a small value 
(0.1,.F) chip capacitor works well in most cases. 


Terminated microstrip signal lines are recommended at the 
input and output of the device. Capacitance, parasitic or 
planned, connected to the output must be minimized, or iso- 
lated as discussed in the next section. 


Care must also be taken to minimize the capacitance to 
ground seen by the amplifiers inverting input (-IN). The 
larger this capacitance, the worse the gain peaking, resulting 
in pulse overshoot and eventual instability. To reduce this 
Capacitance the designer should remove the ground plane 
under traces connected to -IN, and keep connections to -IN 
as short as possible. 


An example of a good high frequency layout is the Evalua- 
tion Board shown in Figure 3. 


Driving Capacitive Loads 


Capacitive loads, such as an A/D input, or an improperly 
terminated transmission line will degrade the amplifier’s 
phase margin resulting in frequency response peaking and 
possible oscillations. In most cases, the oscillation can be 
avoided by placing a resistor (Rs) in series with the output 
prior to the capacitance. 


Figure 1 details starting points for the selection of this resis- 
tor. The points on the curve indicate the Rs and C, combina- 
tions for the optimum bandwidth, stability, and settling time, 
but experimental fine tuning is recommended. Picking a 
point above or to the right of the curve yields an overdamped 
response, while points below or left of the curve indicate 
areas of underdamped performance. 
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Rs and C;_ form a low pass network at the output, thus limiting 


system bandwidth well below the amplifier bandwidth of TOP LAYOUT 
560MHz. By decreasing Rs as C,_ increases (as illustrated in 
the curve), the maximum bandwidth is obtained without sacri- __, ® HARRIS SEMICONDUCTOR * 


HAS@2S NON-INVERTING GAIN FIXTURE 


ficing stability. In spite of this, bandwidth still decreases as the 
load capacitance increases. 


SERIES OUTPUT RESISTANCE (Q) 


a CAEP BOTTOM LAYOUT 
LLL Iii titi itty tt 


150 250 300 350 400 
LOAD CAPACITANCE (pF) 


FIGURE 1. RECOMMENDED SERIES OUTPUT RESISTOR vs O O 
LOAD CAPACITANCE 


Evaluation Board 


The performance of the HFA1405 (PDIP) may be evaluated 
using the HA5025 Evaluation Board. 


O oO 


The schematic for amplifier 1 and the board layout are 
shown in Figure 2 and Figure 3. Resistors Re and Re may 
require a change to values applicable to the HFA1405. 


To order evaluation boards (part number HA5025EVAL), 
please contact your local sales office. 


FIGURE 3. EVALUATION BOARD LAYOUT 


FIGURE 2. EVALUATION BOARD SCHEMATIC 
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Typical Performance Curves Vgyppyy = +5V, Ta = 25°C, Rr = Value From the Optimum Feedback Resistor Table, 
R, = 100, Unless Otherwise Specified 


OUTPUT VOLTAGE (mV) 
OUTPUT VOLTAGE (V) 


TIME (5ns/DIV.) TIME (5ns/DIV.) 


FIGURE 4. SMALL SIGNAL PULSE RESPONSE FIGURE 5. LARGE SIGNAL PULSE RESPONSE 
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FIGURE 8. LARGE SIGNAL PULSE RESPONSE FIGURE 9. LARGE SIGNAL PULSE RESPONSE 
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Typical Performance Curves Vsypp.y = +5V, Ta = 25°C. Rr = Value From the Optimum Feedback Resistor Table, 
Ry = 1002, Unless Otherwise Specified (Continued) 


OUTPUT VOLTAGE (mV) 
OUTPUT VOLTAGE (V) 


TIME (5ns/DIV.) TIME (5ns/DIV.) 


FIGURE 10. SMALL SIGNAL PULSE RESPONSE FIGURE 11. LARGE SIGNAL PULSE RESPONSE 
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FIGURE 12. FREQUENCY RESPONSE FIGURE 13. FREQUENCY RESPONSE vs FEEDBACK RESISTOR 
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Typical Performance Curves Vsupp ty = t5V, Ta = 25°C, Re = Value From the Optimum Feedback Resistor Table, 
R, = 1002, Unless Otherwise Specified (Continued) 


OUTPUT VOLTAGE (mV) 
OUTPUT VOLTAGE (V) 


TIME (5ns/DIV.) TIME (5ns/DIV.) 


FIGURE 16. SMALL SIGNAL PULSE RESPONSE FIGURE 17. LARGE SIGNAL PULSE RESPONSE 
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OPERATIONAL 


OUTPUT VOLTAGE (mV) 
OUTPUT VOLTAGE (V) 


TIME (5ns/DIV.) TIME (5ns/DIV.) 


FIGURE 18. SMALL SIGNAL PULSE RESPONSE FIGURE 19. LARGE SIGNAL PULSE RESPONSE 
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FIGURE 20. SMALL SIGNAL PULSE RESPONSE FIGURE 21. LARGE SIGNAL PULSE RESPONSE 
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Typical Performance Curves Vgyppvy = +5V, Ta = 25°C, Rr = Value From the Optimum Feedback Resistor Table, 
Ry = 100Q, Unless Otherwise Specified (Continued) 


OUTPUT VOLTAGE (mV) 
OUTPUT VOLTAGE (V) 


TIME (5ns/DIV.) TIME (5ns/DIV.) 


FIGURE 22. SMALL SIGNAL PULSE RESPONSE FIGURE 23. LARGE SIGNAL PULSE RESPONSE 
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OUTPUT VOLTAGE (V) 


TIME (5ns/DIV.) TIME (5ns/DIV.) 


FIGURE 24. SMALL SIGNAL PULSE RESPONSE FIGURE 25. LARGE SIGNAL PULSE RESPONSE 


P = | Ans WE TT 
g S| vour=atomvee TE TTT LT 
3 i a ray 
7 aun 
a4 od 

ALI 

: STM COMIN, 8 

S fe LPS a 90 

eg ONG 

meoveoa "1 NII eg 

a A \\ ee 


0.3 100 800 
a (MHz) ean (MHz) 


FIGURE 26. FREQUENCY RESPONSE FIGURE 27. FREQUENCY RESPONSE 
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Typical Performance Curves Vsyppry = +5V, Ta = 25°C, Rr = Value From the Optimum Feedback Resistor Table, 
R, = 1002, Unless Otherwise Specified (Continued) 
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FIGURE 28. FULL POWER BANDWIDTH 
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FIGURE 30. GAIN FLATNESS 
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FIGURE 32. 3rd HARMONIC DISTORTION vs TEMPERATURE 
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FIGURE 29. FREQUENCY RESPONSE vs FEEDBACK RESISTOR 
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DISTORTION (dBc) 


TEMPERATURE (°C) 


FIGURE 31. 2nd HARMONIC DISTORTION vs TEMPERATURE 


OUTPUT VOLTAGE (V) 


TEMPERATURE (°C) 


FIGURE 33. OUTPUT VOLTAGE vs TEMPERATURE 
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Typical Performance Curves Vsyppry = +5V, Ta = 25°C, Rr = Value From the Optimum Feedback Resistor Table, 
Ry = 1002, Unless Otherwise Specified (Continued) 


SUPPLY CURRENT (mA/ AMPLIFIER) 


CROSSTALK (dB) 


SUPPLY VOLTAGE (+V) 


FIGURE 34. SUPPLY CURRENT vs SUPPLY VOLTAGE 
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FIGURE 36. ALL HOSTILE CROSSTALK 
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FIGURE 35. SETTLING RESPONSE 
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FIGURE 37. ALL HOSTILE CROSSTALK 


Die Characteristics 


DIE DIMENSIONS: 


79 mils x 118 mils x 19 mils 
2000um x 3000um x 483umM 


METALLIZATION: 


Type: Metal 1: AlCu(2%)/TiW 
Thickness: Metal 1: 8kA +0.4kA 


Type: Metal 2: AlCu(2%) 
Thickness: Metal 2: 16kA +0.8kA 


Metallization Mask Layout 


-IN1 


-IN2 


HFA1405 


SUBSTRATE POTENTIAL (Powered Up): 


Floating (Recommend Connection to V-) 


PASSIVATION: 


Type: Nitride 
Thickness: 4kA +0.5kA 


TRANSISTOR COUNT: 
320 


HFA1405 


OUT1 OUT4 -IN4 


+IN4 


ed. 


iy 
on) 


+IN3 


OUT2 V- OUT3 -IN3 
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Features 


e User Programmable For Closed-Loop Gains of +1, -1 
or +2 Without Use of External Resistors 


Wide -3dB Bandwidth 

Low Supply Current 

Excellent Gain Flatness (to 100MHz)........ +0.08dB 
Low Differential Gain and Phase . . 0.03%/0.02 Degree 
Very Fast Slew Rate 1650V/us 
Fast Settling Time (0.1%) 

High Output Current 

Excellent Gain Accuracy 

Overdrive Recovery 


Standard Operational Amplifier Pinout 


Applications 

e Video Distribution Amps 

e Flash A/D Drivers 
Video Cable Drivers 
Video Switchers and Routers 
Medical Imaging Systems 
RGB Video Processing 


High Speed Oscilloscopes and Analyzers 


Pinout 


HFA1412 
(PDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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HFA1412 


Quad, 350MHz, Low Power, 
Programmable Gain Buffer Amplifier 


Description 


The HFA1412 is a quad closed loop Buffer featuring user 
programmable gain and high speed video performance. 


A unique feature of the HFA1412’s pinout allows the user to 
select a voltage gain of +1, -1, or +2 (see the “Application 
Information” section). The on-chip gain setting resistors elim- 
inate eight external resistors, thus saving board space or 
freeing up space for termination resistors. The on-chip feed- 
back resistor is preset at the optimum value, and also elimi- 
nates worries about parasitic feedback capacitance. 
Additionally, the capacitance sensitive summing node is bur- 
ied inside the package where it is unaffected by PCB parasit- 
ics. Compatibility with existing op amp pinouts provides 
flexibility to upgrade low gain amplifiers, while decreasing 
component count. Unlike most buffers, the standard pinout 
provides an upgrade path should a higher closed loop gain 
be needed at a future date. 


The HFA1412 is an excellent choice for component and 
composite video systems as indicated by the excellent gain 
flatness, and 0.03%/0.02 Degree Differential Gain/Phase 
specifications (R_ = 150Q). Its ability to deliver a gain of +2 
with no external resistors makes it particularly desirable for 
applications driving double terminated cables. 


For Military product, refer to the HFA1412/883 data sheet. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


HFA1412/IP -40to85 |14Ld PDIP E14.3 
HFA14121B -40to85 |14Ld SOIC M14.15 
HA5025EVAL DIP Evaluation Board For Quad Op Amp 


Functional Diagram 


9 14 OUT4 


4152.1 


File Number 


HFA1412 


Absolute Maximum Ratings Thermal Information 

Voltage Between V+ and V- ....... 0... 2c eee ee eee 11V_ Thermal Resistance (Typical, Note 2) Oya (CCW) 

DC Input Voltage ......... 6. eee eee eee eee ee eens VSUPPLY PDIP Package ............. ccc cece cece eeees 100 

Output Current (Note 1)................ Short Circuit Protected SOIC Package. ............ cece eee e ee eees 120 

ESD Rating Maximum Junction Temperature (Die) .................. 175°C 
Human Body Model (Per MIL-STD-883 Method 3015.7) ... 600V. Maximum Junction Temperature (Plastic Package) ........ 150°C 

Maximum Storage Temperature Range ......... -65°C to 150°C 
Operating Conditions Maximum Lead Temperature (Soldering 10s)............ 300°C 
Temperature Range ............ 0 cee ee eee ee -40°C to 85°C (SOIC-Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Output is protected for short circuits to ground. Brief short circuits to ground will not degrade reliability, however, continuous (100% duty 
cycle) output current should not exceed 30mA for maximum reliability. 


2. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +5V, Ay = +1, Ry = 100, Unless Otherwise Specified. 


(NOTE 3) 
TEST TEST 
PARAMETER CONDITIONS LEVEL 


INPUT CHARACTERISTICS 


Mruronanactensnes———SSOS—CSCSSCSCSCSCSCSC‘“*S*~S*Ss~CSCSSSSSSCSCC 
af fs fs 
[erage Oupurorearvotageome | «dT 8 | ra | | 2 | 7 | wre 


Pat = |- [| - [sf w_ 
Voltage Mismatch ae 30 aN 


Common-Mode Rejection Ratio AVcm = +1.8V | A | 8 42 4 
AVom=212v. | A *| 40 


AVps = +1.8V 
AVps = +1.8V 
AVps = +1.2V 


>] > 


> 
on 


> 


> 
pS 
oO 


> 


oa 
WOToaorlta 


Power Supply Rejection Ratio 


Non-Inverting Input Bias Current 


Non-Inverting Input Bias Current Drift 


nN 
Se od 
co} © 


io) 


5 
Full 
Full 


w 
oO 


Channel-to-Channel Non-Inverting Input 


Bias Current Mismatch Full 


Non-inverting Input Bias Current Power | AVps =+1.25V 


Supply Sensitivity Full 


AVem=418V | A | 25 


AVom = +1.2V 


> 


Non-Inverting Input Resistance 


> 
>) 


5 


Inverting Input Resistance 
Input Capacitance (either input) 


+1.8 
= a 


& 


oo ra <i a: ots 


Input Voltage Common Mode Range 
(Implied by Vig CMRR and +Rjy tests) +17 


Input Noise Voltage Density (Note 4) f = 100kHz 


f = 100kHz 


Non-Inverting Input Noise Current 
Density (Note 4) 
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Electrical Specifications Vsyppyy = +5V, Ay = +1, Ry, = 100Q, Unless Otherwise Specified. (Continued) 


TEST TEMP 
PARAMETER CONDITIONS (°C) TYP UNITS 


TRANSFER CHARACTERISTICS , 


Gain (Vin = -1V to +1V) 


ae 
a ae ae eee 
[pial Secs seca coe 0d 
Channel-to-Channel Gain Mismatch Ay =-1 Le eee eee Eee 
Caf rf ~ coas |_| 
ee ae 
gi Seon cae wom can 5 one 
AC CHARACTERISTICS 
-3dB Bandwidth Ay =-1 25 200 | 320 | 
(VouT = 0.2Vp-p, Note 4) Y Full 190 
Ay = +1, 25 160 
Full Power Bandwidth | 225 
(VouT = 5Vp-p at Ay = +2 or -1, r. sai MHz 
Vout = 4Vp-p at Ay = +1, Note 4) hal 
2 160 MHz 


+0.10 
4), 12 


+0.18 
+0.20 


Gain Flatness 
(VouT = 0.2Vp.p, Note 4) 


Ay = +1, 


to 25MHz, Full 


+Rg = 6202 


Ay =-1, 
to 50MHz 


+0.06 
+0.08 
+0.08 
+0.13 
+0.05 
+0.06 
+0.08 
+0.16 


+0.10 
+0.16 
+0.20 
+0.30 
+0.09 
+0.10 
+0.16 
+0.30 


Full 


Ay =-1, 

to 100MHz Full 
Ay = +2, 
to 50MHz Full 
Ay = +2, 

to 100MHz 


nN N 
oy; on 


Full 


Crosstalk psMHz |B = 
(All Channels Hostile, Note 4) 10MHz | -B | 2 


Output Voltage Swing Ay =-1 | A | 25) | 43.0 | 43.2 
Note 4 
a ee 
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Electrical Specifications Vsyppyy = +5V, Ay = +1, Ry, = 100, Unless Otherwise Specified. (Continued) 


(NOTE 3) 
TEST TEST TEMP 
PARAMETER CONDITIONS LEVEL (°C) TYP UNITS 


SO 
[6 Giosedccp Ounutimpedance [A= | 8 | = | | o2{ | 9 
25 -4 


Second Harmonic Distortion 10MHz -50 dBc 
(Ay = +2, Vout = 2Vp-p, Note 4) Full "5 "48 


2 40 -43 
u 


5 

10MHz | BO | 8s 
es 

[Revere eoaion Sia nows) | wre myae@ | 6 | a | - | 5 


TRANSIENT RESPONSE Ay = +2, Unless Otherwise Specified 


E 


Qy;jayjayjajya 
fo) QO QO 


E 
ies) 


20MHz 


WwW} WO 
Qa;o 


cn 
on 


Third Harmonic Distortion 
(Ay = +2, Vout = 2Vp-p, Note 4) 


Q 


B 


QO 


d 


QO 


ine) 
on 


Rise and Fall Times Rise Time 
(VouT = 0.5Vp-p) 


Fall Time 1.25 


+OS 


=) 
” 


3s 


Overshoot 
(VouT = 9.5Vp-p, VIN trise = 500ps, 
Notes 4, 5) 


PS 


25 
Full 


1150 1700 
1100 1650 
700 1000 
Full 650 950 
1250 
Full 800 1150 


V/us 
V/us 
V/us 
V/us 
V/us 
V/us 


Slew Rate 
(VouT = 5Vp-p at Ay = +2 or -1, 
Vout = 4Vp-p at Ay = +1) 


ae eal 
(o>) 


Ay =+1, 
+Rg = 620Q 


Ay = +2 


COfwi] w 
orf @] Ww 


ne) 
jee) 


To 0.1% 

To 0.05% 
To 0.02% 
Vin = +2V 


Settling Time 
(VouT = +2V to OV Step, Note 4) 


ie) 
oO 


MT Mt Pp N ye) M]_M I] Pe 
aTaoay,n on on op,ouyun 


> 1 
< O 
vi | 


Overdrive Recovery Time 
VIDEO CHARACTERISTICS 


Differential Gain (f = 3.58MHz, Ay = +2) Ry = 1502 
Differential Phase (f = 3.58MHz, Ay=+2) | Ry = 150Q 


POWER SUPPLY CHARACTERISTICS 


ne) 
oO 


ie) 
oO 


Degrees 


ine) 
oO 


ye) 
on 
oO 
i=) 
ine) 


Degrees 


te) te} 


Power Supply Range £55 V 
ee 
NOTES: 


3. Test Level: A. Production Tested; B. Typical or Guaranteed Limit Based on Characterization; C. Design Typical for Information Only. 
4. See Typical Performance Curves for more information. 


5. Negative overshoot dominates for output signal swings below GND (e.g. 0.5Vp_p), yielding a higher overshoot limit compared to the 
Vout = OV to 0.5V condition. See the “Application Information” section for details. 
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Application Information 


HFA1412 Advantages 


The HFA1412 features a novel design which allows the user 
to select from three closed loop gains, without any external 
components. The result is a more flexible product, fewer part 
types in inventory, and more efficient use of board space. 
Implementing a quad, gain of 2, cable driver with this IC 
eliminates the eight gain setting resistors, which frees up 
board space for termination resistors. 


Like most newer high performance amplifiers, the HFA1412 
is a current feedback amplifier (CFA). CFAs offer high band- 
width and slew rate at low supply currents, but can be diffi- 
cult to use because of their sensitivity to feedback 
capacitance and parasitics on the inverting input (summing 
node). The HFA1412 eliminates these concerns by bringing 
the gain setting resistors on-chip. This yields the optimum 
placement and value of the feedback resistor, while minimiz- 
ing feedback and summing node parasitics. Because there is 
no access to the summing node, the PCB parasitics do not 
impact performance at gains of +2 or -1 (see “Unity Gain 
Considerations” for discussion of parasitic impact on unity 
gain performance). 


The HFA1412’s closed loop gain implementation provides 
better gain accuracy, lower offset and output impedance, 
and better distortion compared with open loop buffers. 


Closed Loop Gain Selection 


This “buffer” operates in closed loop gains of -1, +1, or +2, with 
gain selection accomplished via connections to the +tinputs. 
Applying the input signal to +IN and floating -IN selects a gain 
of +1 (see next section for layout caveats), while grounding -IN 
selects a gain of +2. A gain of -1 is obtained by applying the 
input signal to -IN with +IN grounded through a 50Q resistor. 


The table below summarizes these connections: 


(he) 
a 
ES 
a 


Unity Gain Considerations 


Unity gain selection is accomplished by floating the -Input of 
the HFA1412. Anything that tends to short the -Input to GND, 
such as stray capacitance at high frequencies, will cause the 
amplifier gain to increase toward a gain of +2. The result is 
excessive high frequency peaking, and possible instability. 
Even the minimal amount of capacitance associated with 
attaching the -input lead to the PCB results in approximately 
6dB of gain peaking. At a minimum this requires due care to 
ensure the minimum capacitance at the -Input connection. 


Table 1 lists five alternate methods for configuring the 
HFA1412 as a unity gain buffer, and the corresponding per- 
formance. The implementations vary in complexity and 
involve performance trade-offs. The easiest approach to 
implement is simply shorting the two input pins together, and 
applying the input signal to this common node. The amplifier 
bandwidth decreases from 550MHz to 370MHz, but excel- 
lent gain flatness is the benefit. A drawback to this approach 
is that the amplifier input noise voltage and input offset volt- 
age terms see a gain of +2, resulting in higher noise and out- 
put offset voltages. Alternately, a 100pF capacitor between 
the inputs shorts them only at high frequencies, which pre- 
vents the increased output offset voltage but delivers less 
gain flatness. 


Another straightforward approach is to add a 620Q resistor 
in series with the amplifiers positive input. This resistor and 
the HFA1412 input capacitance form a low pass filter which 
rolls off the signal bandwidth before gain peaking occurs. 
This configuration was employed to obtain the data sheet AC 
and transient parameters for a gain of +1. 


Pulse Overshoot 


The HFA1412 utilizes a quasi-complementary output stage 
to achieve high output current while minimizing quiescent 
supply current. In this approach, a composite device 
replaces the traditional PNP pulldown transistor. The com- 
posite device switches modes after crossing OV, resulting in 
added distortion for signals swinging below ground, and an 
increased overshoot on the negative portion of the output 
waveform (see Figure 5, Figure 7, and Figure 9). This over- 
shoot isn’t present for small bipolar signals (see Figure 4, 
Figure 6, and Figure 8) or large positive signals. Figure 28 
through Figure 31 illustrate the amplifiers overshoot depen- 
dency on input transition time, and signal polarity. 


TABLE 1. UNITY GAIN PERFORMANCE FOR VARIOUS IMPLEMENTATIONS 


+Rg = 6202 


APPROACH PEAKING (dB) BW (MHz) SR(Vjus) __ | +0.1dB GAIN FLATNESS (MHz) 
EC 
Reset tm to 
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PC Board Layout 


This amplifier’s frequency response depends greatly on the 
care taken in designing the PC board (PCB). The use of low 
inductance components such as chip resistors and chip 
capacitors is strongly recommended, while a solid 
ground plane is a must! 


Attention should be given to decoupling the power supplies. 
A large value (10uF) tantalum in parallel with a small value 
(0.1p.F) chip capacitor works well in most cases. 


Terminated microstrip signal lines are recommended at the 
input and output of the device. Capacitance directly on the 
output must be minimized, or isolated as discussed in the 
next section. 


An example of a good high frequency layout is the Evalua- 
tion Board shown in Figure 3. 


Driving Capacitive Loads 


Capacitive loads, such as an A/D input, or an improperly ter- 
minated transmission line will degrade the amplifier’s phase 
margin resulting in frequency response peaking and possi- 
ble oscillations. In most cases, the oscillation can be avoided 
by placing a resistor (Rs) in series with the output prior to 
the capacitance. 


Figure 1 details starting points for the selection of this resis- 
tor. The points on the curve indicate the Rs and C, combina- 
tions for the optimum bandwidth, stability, and settling time, 
but experimental fine tuning is recommended. Picking a 
point above or to the right of the curve yields an overdamped 
response, while points below or left of the curve indicate 
areas of underdamped performance. 


Rs and C, form a low pass network at the output, thus limiting 
system bandwidth well below the amplifier bandwidth of 
350MHz. By decreasing Rs as C,_ increases (as illustrated in 
the curves), the maximum bandwidth is obtained without sac- 
rificing stability. In spite of this, bandwidth decreases as the 
load capacitance increases. For example, at Ay =+2, 
Rg = 222, C, = 100pF, the overall bandwidth is 125MHz, and 
bandwidth drops to 100MHz at Rs = 12, Cy = 220pF. 


“a 
SONEEECEE ECE 
COR 


> 
- 


30 


SERIES OUTPUT RESISTANCE (Q) 


0 50 100 150 200 250 300 350 400 
LOAD CAPACITANCE (pF) 


FIGURE 1. RECOMMENDED SERIES RESISTOR vs LOAD 
CAPACITANCE 


Evaluation Board 


The performance of the HFA1412 may be evaluated using 
the HA5025 Evaluation Board, slightly modified as follows: 


1. Remove the four feedback resistors, and leave the con- 
nections open. 


2. a. For Ay = +1 evaluation, remove the gain setting 
resistors (R1), and leave pins 2, 6, 9, and 13 floating. 
b. For Ay = +2, replace the gain setting resistors (R) with 
0Q resistors to GND. 
The modified schematic for amplifier 1, and the board layout 
are shown in Figures 2 and 3. 


To order evaluation boards (part number HA5025EVAL), 
please contact your local sales office. 


502 


OUT o 
NOTE: Ry = ~ (Ay = +1) 
or 02 (Ay = +2) 


LJ -5V 


. ii 10yuF 
GND 
GND 


FIGURE 2. MODIFIED EVALUATION BOARD SCHEMATIC 
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HASB2S5 NON-INUERTING GAIN FIXTURE 


FIGURE 3A. TOP LAYOUT 


FIGURE 3B. BOTTOM LAYOUT 
FIGURE 3. EVALUATION BOARD LAYOUT 
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Typical Performance Curves Vgyppvy = +5V, Ta = 25°C, Ry = 1002, Unless Otherwise Specified 


OUTPUT VOLTAGE (mV) 
OUTPUT VOLTAGE (V) 


TIME (5ns/DIV.) TIME (5ns/DIV.) 


FIGURE 4. SMALL SIGNAL PULSE RESPONSE FIGURE 5. LARGE SIGNAL PULSE RESPONSE 


z S 
r j 
e a 
fe} S 
> 
bs = 
| a 
a. tS 
5 —_ 
2 re) 
TIME (5ns/DIV.) TIME (Sns/DIV.) 
FIGURE 6. SMALL SIGNAL PULSE RESPONSE FIGURE 7. LARGE SIGNAL PULSE RESPONSE 
a 
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= = 
(e) am | 
S Fe} 
= > 
a 5 
5 E 
re) = 
re) 
TIME (5ns/DIV.) , TIME (5ns/DIV.) 
FIGURE 8. SMALL SIGNAL PULSE RESPONSE FIGURE 9. LARGE SIGNAL PULSE RESPONSE 
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Typical Performance Curves VsuppLy = +5V, Ta = 25°C, Ry = 1002, Unless Otherwise Specified (Continued) 
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FIGURE 10. FREQUENCY RESPONSE 
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FIGURE 12. FREQUENCY RESPONSE FOR VARIOUS LOAD 
RESISTORS 
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FIGURE 14. FREQUENCY RESPONSE FOR VARIOUS OUTPUT 
VOLTAGES 
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FIGURE 11. FREQUENCY RESPONSE FOR VARIOUS LOAD 
RESISTORS 
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FIGURE 13. FREQUENCY RESPONSE FOR VARIOUS LOAD 
RESISTORS 


GAIN (dB) 
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L LUI | Se 


See (MHz) 


FIGURE 15. FREQUENCY RESPONSE FOR VARIOUS OUTPUT 
VOLTAGES 
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Typical Performance Curves Vvgyppyy = +5V. Ta = 25°C, Ri = 1002, Unless Otherwise Specified (Continued) 
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FIGURE 16. FREQUENCY RESPONSE FOR VARIOUS OUTPUT FIGURE 17. FULL POWER BANDWIDTH 


VOLTAGES 


Your = 200mvee| | II] | | TAT 
a EL EE TT 
ee 
jhe eA | 
me Pee = 
le ee 
a ee ATK 
ee 


BANDWIDTH (MHz) 
NORMALIZED GAIN (dB) 
° 


0.3 
- TTT 
as! PT LTE TE) 
TEMPERATURE (°C) saeu nies (MHz) = 
FIGURE 18. -3dB BANDWIDTH vs TEMPERATURE FIGURE 19. GAIN FLATNESS 
0 
ao LLL ll 


-20 
emul 
ac) 
oO y -40 
5 SO 
3 B sol tit 
- al L 
ai 
-20 bow 
7 FaeClENEY (MHz) ™ ne = FREQUENCY reat = 
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Typical Performance Curves Vsyppvy = +5V, Ta = 25°C, Ri, = 1002, Unless Otherwise Specified (Continued) 


DISTORTION (dBc) 
DISTORTION (dBc) 


OUTPUT POWER (dBm) OUTPUT POWER (dBm) 


FIGURE 22. 2nd HARMONIC DISTORTION vs Poyrt FIGURE 23. 3rd HARMONIC DISTORTION vs Poyt 
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DISTORTION (dBc) 
DISTORTION (dBc) 


5 -2 1 4 7 10 13 
OUTPUT POWER (dBm) OUTPUT POWER (dBm) 
FIGURE 24. 2nd HARMONIC DISTORTION vs Poyt FIGURE 25. 3rd HARMONIC DISTORTION vs Poyt 


DISTORTION (dBc) 
DISTORTION (dBc) 


OUTPUT POWER (dBm) OUTPUT POWER (dBm) 


FIGURE 26. 2nd HARMONIC DISTORTION vs Poyt FIGURE 27. 3rd HARMONIC DISTORTION vs Poyt 
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Typical Performance Curves Vsyppry = +5V, Ta = 25°C, RL = 1009, Unless Otherwise Specified (Continued) 
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FIGURE 28. OVERSHOOT vs TRANSITION TIME FIGURE 29. OVERSHOOT vs TRANSITION TIME 
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FIGURE 30. OVERSHOOT vs TRANSITION TIME FIGURE 31. OVERSHOOT vs TRANSITION TIME | 


ERROR (%) 


INPUT VOLTAGE (V) TIME (ns) 


FIGURE 32. INTEGRAL LINEARITY ERROR FIGURE 33. SETTLING RESPONSE 
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Typical Performance Curves Vsypp.y = +5V, Ta = 25°C, Ry, = 1002, Unless Otherwise Specified (Continued) 
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FIGURE 34. SUPPLY CURRENT vs SUPPLY VOLTAGE FIGURE 35. OUTPUT VOLTAGE vs TEMPERATURE 
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FIGURE 36. INPUT NOISE CHARACTERISTICS 
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Die Characteristics 


DIE DIMENSIONS: 


79 mils x 118 mils x 19 mils 
2000um x 3000um x 483m 


METALLIZATION: 


Type: Metal 1: AlCu(2%)/TiW 
Thickness: Metal 1: 8kA +0.4kA 


Type: Metal 2: AlCu(2%) 
Thickness: Thickness: Metal 2: 16kA +0.8kA 


Metallization Mask Layout 


-IN1 OUT1 


ee |e 
err, 
Sill fe 
oh oak 


——] 


+IN1 


-IN2 OUT2 


HFA1412 


SUBSTRATE POTENTIAL (Powered Up): 


Floating (Recommend Connection to V-) 


PASSIVATION: 


Type: Nitride 
Thickness: 4kA +0.5kA 


TRANSISTOR COUNT: 
320 


HFA1412 


OUT4 -IN4 


+IN4 


+IN3 


‘| . 


: Ml TE 


V- OUT3 -IN3 
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gHmARRIS 1CL7611, ICL7612 


1.4MHz, Low Power 
November 1996 CMOS Operational Amplifiers 


Features Description 


e Wide Operating Voltage Range.......... +1V to+8V The ICL761X/762X/764X series is a family of monolithic 
CMOS operational amplifiers. These devices provide the 
designer with high performance operation at low supply 
Programmable Power Consumption ... Low as 20uW voltages and selectable quiescent currents, and are an ideal 
design tool when ultra low input current and low power 
dissipation are desired. 


High Input Impedance 


input Current Lower Than BIFETs 1pA (Typ) 


Output Voltage Swing V+ and V- The basic amplifier will operate at supply voltages ranging 


Input Common Mode Voltage Range Greater Than from +1V to +8V, and may be operated from a single Lithium 
Supply Rails (ICL7612) cell. 


; ; A unique quiescent current programming pin allows setting 
Applications of standby current to 1mA, 100A, or 10LA, with no external 
components. This results in power consumption as low as 


© PORE Mratennente 20uW. The output swing ranges to within a few millivolts of 


¢ Telephone Headsets the supply voltages. r 
e Hearing Aid/Microphone Amplifiers Of particular significance is the extremely low (1pA) input = 2 
7 current, input noise current of 0.01pA/VHz, and 10!2Q input Oo Ww 
pen opine impedance. These features optimize performance in very E = 
Medical Instruments high source impedance applications. re = 
High Impedance Buffers The inputs are internally protected. Outputs are fully 5 < 


protected against short circuits to ground or to either supply. 


AC performance is excellent, with a slew rate of 1.6V/us, and 
unity gain bandwidth of 1MHz at lq = 1mA. 


Because of the low power dissipation, junction temperature 
rise and drift are quite low. Applications utilizing these fea- 
tures may include stable instruments, extended life designs, 
or high density packages. 


Pinouts (See Ordering Information on Next Page) 


ICL7611, ICL7612 ICL7611, ICL7612 
(PDIP, SOIC) (METAL CAN) 
TOP VIEW TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 291 9.2 
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ICL7611, ICL7612 


Ordering Information 


PART 
NUMBER TEMP. RANGE (°C) 


ICL7611ACPA 0 to 70 8 Ld PDIP - A Grade E8.3 
ICL7611BCPA 0 to 70 8 Ld PDIP - B Grade E8.3 
ICL7611DCPA 0 to 70 8 Ld PDIP - D Grade 


ICL7611ACTV 0 to 70 8 Pin Metal Can - A Grade 


m 
o 
w 


ICL7611BCTV 0 to 70 8 Pin Metal Can - B Grade 


ICL7611DCTV 0 to 70 8 Pin Metal Can - D Grade 


ICL7611AMTV -55 to 125 8 Pin Metal Can - A Grade 


ICL7611BMTV -55 to 125 8 Pin Metal Can - B Grade T8.C 


ICL7611DMTV -55 to 125 8 Pin Metal Can - D Grade T8.C 


ICL7611DCBA 0 to 70 8 Ld SOIC - D Grade M8.15 


4/34/34] oa 
a} ao} am] @ 


ICL7611DCBA-T 0 to 70 8 Ld SOIC - D Grade - Tape and Reel M8.15 
ICL7612ACPA 0 to 70 8 Ld PDIP - A Grade E8.3 
ICL7612BCPA 0 to 70 8 Ld PDIP - B Grade E8.3 
ICL7612DCPA 0 to 70 8 Ld PDIP - D Grade E8.3 


ICL7612BCTV 0 to 70 8 Ld Metal Can - B Grade T8.C 


ICL7612DCTV 0 to 70 8 Ld Metal Can - D Grade T8.C 


ICL7612AMTV -55 to 125 8 Ld Metal Can - A Grade T8.C 


ICL7612BMTV -55 to 125 8 Ld Metal Can - B Grade 


ICL7612DMTV -55 to 125 8 Ld Metal Can - D Grade 


ICL7612DCBA 0 to 70 8 Ld SOIC - D Grade M8.15 


ICL7612DCBA-T 0 to 70 8 Ld SOIC - D Grade - Tape and Reel M8.15 


34/3 
wo | o 
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ICL7611, ICL7612 


Absolute Maximum Ratings Thermal Information 
Supply Voltage V+ to V- 2.0... ccc cee ccc eee e eee nes 18V Thermal Resistance (Typical, Note 3) Ba (CCIW) 8jc (°C/W) 
OE VOM G6. cc's pero nsdekssende dene V- -0.3 to V+ +0.3V POU POCREOG <6 ssea nek easoeeates 130 N/A 
Differential Input Voltage (Note 1)......... [(V+ +0.3) - (V- -0.3)]V SOS PACKEGG: 6 .isckceunececsuns 170 N/A 
Duration of Output Short Circuit (Note 2)............. Unlimited Metal Can Package............... 160 75 
Maximum Junction Temperature (Can Package)............ 175°C 
Operating Conditions Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Temperature Range " o Maximum Lead Temperature (Soldering 10s)............ 300°C 
NGL IORAN nr b6o0 ahi eens a neewedweetwawen -55~C to 125°C (SOIC - Lead Tips Only) 
RT ot ceeds oxaeaase giteusessinnereses 0°C to 70°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. Long term offset voltage stability will be degraded if large input differential voltages are applied for long periods of time. 


2. The outputs may be shorted to ground or to either supply, for Vgyppty <10V. Care must be taken to insure that the dissipation rating is 
not exceeded. 


3. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsypp;y = +5V, Unless Otherwise Specified 


FEST TEMP ICL7612A ICL7612B ICL7612D 
CONDITIONS ve bee [ive [ wax 
Input Offset Voltage Vos |Rs < 100kQ | 25 | fof = | a] [ot & = 
— ice Ba ee ED ee ae 


Temperature AVo Rs < 100kQ uV/°C 
Coefficient of Vos 


Input Offset Current 


= 
<| <j + 
dp) 


OPERATIONAL 


Input Bias Current 


Common Mode 
Voltage Range 
(Except ICL7612) 


Extended Common 
Mode Voltage Range 
(1CL7612 Only) 


Iq = 100nA 25 45.3, +5.3, 
5.1 5.1 
Iq = 1mA +5.3, +5.3, 


Output Voltage Swing 


+4. 
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ICL7611, ICL7612 


Electrical Specifications Vsyppyy = +5V, Unless Otherwise Specified (Continued) 


ICL7611A, 1CL7611B, ICL7611D, 
TEST ICL7612A ICL7612B ICL7612D 
PARAMETER SYMBOL CONDITIONS 


‘(cy ee ee ee 
Targe Signal Votlage | Avon [vo=aeov, | 28 [se] 108] - | oo | 106] - | eo [106] - | ao 
ea AL=IMo.lo=10A Foo7oT of -|-fPol-l-lel-_ 
25 


< 
Oo 

ll 

rs 

ro) 

< 

a 
nm 


-s5t0125] 74 | 
Ry. = 10kQ, Iq = 1mA | 0t070 | 76] - | 


cw 
an 


sad ait 
REBGREEE 

= 
BOOBSEROE 


oO 
SS 
Lee) 


o}] oO 
&|% 
fee) 


Unity Gain Bandwidth 


Input Resistance 


Common Mode 
Rejection Ratio 


1 


MN “NTN NI 
io) nm] oO oa 


CMRR | Rg < 100k2, Iq = 10nA 


Rg < 100kQ 
Iq = 100A 


MN 
io) 


7 


Rg < 100kQ, Ig = 1mA 


Power Supply 
Rejection Ratio 

(VsupPLy = +8V to 
+2V) 


0 
76 
76 | 9 
70 | 7 


—_ 
= 
pl > 


lq = 100pA 
Mal iccienaiensl 
SR vind 


= 

: 
| 

| 
a 
= 


S 
fo) 
ak 


12 
1 
7 
4 
7 
100 
0.01 
0.01 


0.2 


oO 


— 


(No Signal, No Load) Ios 
Medium Bias 


Iq SET =-5V, High Bias 


SR Jig = 10nA, Ry = 1MQ 
Ri = 100kQ 


le eal Iq = 100A, 
L Ry = 100k2 
Iq = 1MA, Ry = 10kQ 
OS Iq = 10pnA, Ry = 1MQ 
Iq = 100A, 
Ry = 100kQ 


Iq = 1MA, Ry = 10kQ 


olf 
= 


—_— | ou. 
Slo 


oO 
oO 
ws 
oP) 
2° 
ro) 
—_ 
ro) 


Slew Rate 
(Ay = 1, C_ = 100pF, 
VIN = 8Vp-p) 


i=) 


a 


[@>) 
= 
=e 
o 


Overshoot Factor 
(Vin = 50mV, 
C, = 100pF) 


N 
N 
~| § 
oa ro 


= 
Nh 
oO 


ae) 
on 


pe —_ ae 
BS =k ie) —_ 
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ICL7611, ICL7612 


Electrical Specifications —Vsyppyy = +1V, Iq = 10pA, Unless Otherwise Specified 


ICL7611A, ICL7612A {| ICL7611B, ICL7612B 
TEST TEMP 
PARAMETER SYMBOL CONDITIONS (°C) TYP UNITS 
Input Offset Voltage Vos’ {Rs < 100kQ 


Temperature Coefficient of Vos} AVos/AT | Rg s 100kQ = 
Input Offset Current los 
0 to 70 


0 to 70 
Common Mode Voltage Range | Vcomr +0.6 
(Except ICL7612) 


Extended Common Mode +0.6 to 
Voltage Range (ICL7612 Only) -1.1 
Output Voltage Swing Vout | RL =1MQ +0.98 
eh beapss 
25 


Avo. |Vo = +0.1V, Ry = 1MO ey 


Common Mode Rejection Ratio} CMRR | Rs < 100kQ | 2 | 


1) 
w 


w 
oO 
oO 


el —_ 
< 


1.0 


oOo 
oO 


Input Bias Current 


IBIAS 


Oo 
oO 
oO 


Large Signal Voltage Gain 


_ 
o1 


AMPLIFIERS 


OPERATIONAL 


25 

25 

< eae) 
natresnase vate | oy _[Reniooni=one | a 


Slew Rate SR Ay = 1, CO, = 100pF, 25 
Vin = 0.2Vp_p, Rp = 1MQ 
Rise Time Vin = 50mV, C, = 100pF 25 
Ry = 1MQ 
Overshoot Factor OS Vin = 50mV, C, = 100pF, 25 
Ry, = 1MQ 


oO 

b oO 
ie) D 

fp) 
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ICL7611, ICL7612 


Schematic Diagram 


la 


INPUT STAGE 


BAL 


+INPUT 


-INPUT 


Application Information 
Static Protection 


All devices are static protected by the use of input diodes. 
However, strong static fields should be avoided, as it is 
possible for the strong fields to cause degraded diode 
junction characteristics, which may result in increased input 
leakage currents. 


Latchup Avoidance 


Junction-isolated CMOS circuits employ configurations 
which produce a parasitic 4-layer (PNPN) structure. The 4- 
layer structure has characteristics similar to an SCR, and 
under certain circumstances may be triggered into a low 
impedance state resulting in excessive supply current. To 
avoid this condition, no voltage greater than 0.3V beyond the 
supply rails may be applied to any pin. In general, the op 
amp supplies must be established simultaneously with, or 
before any input signals are applied. If this is not possible, 
the drive circuits must limit input current flow to 2mA to 
prevent latchup. 


Choosing the Proper Ig 


The ICL7611 and ICL7612 have a similar lg set-up scheme, 
which allows the amplifier to be set to nominal quiescent cur- 
rents of 10uA, 100A or imA. These current settings 
change only very slightly over the entire supply voltage 


SETTING STAGE 


OUTPUT STAGE 


OUTPUT 


range. The ICL7611/12 have an external Iq control terminal, 
permitting user selection of quiescent current. To set the Ig 
connect the Ig terminal as follows: 


Iq = 10H/A - Ig pin to V+ 


Iq = 100A - Ig pin to ground. If this is not possible, any 
voltage from V+ - 0.8 to V- +0.8 can be used. 


Iq = 1mA - lg pin to V- 


NOTE: The output current available is a function of the quiescent 
current setting. For maximum peak-to-peak output voltage swings 
into low impedance loads, IQ of 1mA should be selected. 


Output Stage and Load Driving Considerations 


Each amplifiers’ quiescent current flows primarily in the output 
stage. This is approximately 70% of the Iq settings. This 
allows output swings to almost the supply rails for output loads 
of 1MQ, 100kQ, and 10kQ, using the output stage in a highly 
linear class A mode. In this mode, crossover distortion is 
avoided and the voltage gain is maximized. However, the out- 
put stage can also be operated in Class AB for higher output 
currents. (See graphs under Typical Operating Characteris- 
tics). During the transition from Class A to Class B operation, 
the output transfer characteristic is non-linear and the voltage 
gain decreases. 
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ICL7611, ICL7612 


Input Offset Nulling 


Offset nulling may be achieved by connecting a 25K pot 
between the BAL terminals with the wiper connected to V+. At 
quiescent currents of 1mA and 100yA the nulling range 
provided is adequate for all Vos selections; however with 
Iq = 10HA, nulling may not be possible with higher values of 
Vos. 

Frequency Compensation 


The ICL7611 and ICL7612 are internally compensated, and 
are stable for closed loop gains as low as unity with 
capacitive loads up to 100pF. 


Extended Common Mode Input Range 


The ICL7612 incorporates additional processing which allows 
the input CMVR to exceed each power supply rail by 0.1V for 
applications where Vsypp 2 +1.5V. For those applications 
where Vsypp S$ +1.5V the input CMVR is limited in the posi- 
tive direction, but may exceed the negative supply rail by 0.1V 
in the negative direction (e.g., for VsyppLy = +1V, the input 
CMVR would be +0.6V to -1.1V). 


Operation At VsSUPPLY =+1V 


Operation at VsyuppLy = +1V is guaranteed at Iq = 10yA for 
A and B grades only. 


Output swings to within a few millivolts of the supply rails are 
achievable for Ri 2 1MQ. Guaranteed input CMVR is +0.6V 
minimum and typically +0.9V to -0.7V at Vsypp_y = +1V. For 
applications where greater common mode range is desir- 
able, refer to the description of |CL7612 above. 


Typical Applications 


The user is cautioned that, due to extremely high input 
impedances, care must be exercised in layout, construction, 
board cleanliness, and supply filtering to avoid hum and 
noise pickup. 


Note that in no case is lq shown. The value of lq must be 
chosen by the designer with regard to frequency response 
and power dissipation. 


ie | Fj 


FIGURE 1. SIMPLE FOLLOWER (NOTE 4) 


VIN 
Vout 


Ry 210k 


+5 +5 
VIN 
Vout 
100K TO CMOS OR 
LPTTL LOGIC 
= 1M 
NOTE: 


4. By using the ICL7612 in this application, the circuit will follow rail 
to rail inputs. 


FIGURE 2. LEVEL DETECTOR (NOTE 4) 


Vout 


NOTE: Low leakage currents allow integration times up to several 
hours. 


FIGURE 3. PHOTOCURRENT INTEGRATOR 


OPERATIONAL 
AMPLIFIERS 


DUTY CYCLE 
680kQ 


WAVEFORM GENERATOR 


NOTE: Since the output range swings exactly from rail to rail, frequency 
and duty cycle are virtually independent of power supply variations. 


FIGURE 4. PRECISE TRIANGLE/SQUARE WAVE GENERATOR 
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ICL7611, ICL7612 


1M 


Vou +8V 
0.5uF 10K 


TO 


1.8K = 5% 
SCALE 
ADJUST 


COMMON 


FIGURE 5. AVERAGING AC TO DC CONVERTER FOR A/D FIGURE 6. BURN-IN AND LIFE TEST CIRCUIT 
CONVERTERS SUCH AS ICL7106, ICL7107, 
ICL7109, ICL7116, ICL7117 


VIN BAL VouT 


V+ 
FIGURE 7. Vos NULL CIRCUIT 


0.2uF 


0.2uF 
— 0.2uF 


30K 160K 


680K 100K 51K 


INPUT 
0.1,F OUTPUT 


360K NOTE 5 sian 
5 


NOTES: 
5. Note that small capacitors (25pF to 50pF) may be needed for stability in some cases. 


6. The low bias currents permit high resistance and low capacitance values to be used to achieve low frequency cutoff. 
fo = 10Hz, Ayo, = 4, Passband ripple = 0.1dB. 


FIGURE 8. FIFTH ORDER CHEBYCHEV MULTIPLE FEEDBACK LOW PASS FILTER 
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Typical Performance Curves 


Ta = 25°C 
NO LOAD 
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FIGURE 10. SUPPLY CURRENT PER AMPLIFIER vs FREE-AIR 
TEMPERATURE 


FIGURE 9. SUPPLY CURRENT PER AMPLIFIER vs SUPPLY 
VOLTAGE 


Ry = 100kQ 
Iq = 100A 


1000 
0 


1000 
10 
1 


(vd) INSYYND SVIG LNdNI 


FREE-AIR TEMPERATURE (°C) 


FREE-AIR TEMPERATURE (°C) 


FIGURE 12. LARGE SIGNAL DIFFERENTIAL VOLTAGE GAIN vs 


FIGURE 11. INPUT BIAS CURRENT vs TEMPERATURE 


FREE-AIR TEMPERATURE 


| yyy | 
rt 


Vsupp = 10V 
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-AIR 


FIGURE 14. COMMON MODE REJECTION RATIO vs FREE 


FIGURE 13. LARGE SIGNAL FREQUENCY RESPONSE 


TEMPERATURE 
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ICL7611, ICL7612 


Typical Performance Curves (Continued) 


Peet TT tee 


—_ 
So 
So 


wo 
ui 


90 


85 


SUPPLY VOLTAGE REJECTION RATIO (dB) 


FREE-AIR TEMPERATURE (°C) 


FIGURE 15. POWER SUPPLY REJECTION RATIO vs FREE-AIR 
TEMPERATURE 


Ta = 25°C 

— Iq=imA 

— Iq=10pA 

- - Iq=100uA 


MAXIMUM OUTPUT VOLTAGE (Vp.p) 


100 1K 10K 100K 1M 10M 
FREQUENCY (Hz) 


FIGURE 17. OUTPUT VOLTAGE vs FREQUENCY 


MAXIMUM OUTPUT VOLTAGE (Vp.p) 


SUPPLY VOLTAGE (V) 


FIGURE 19. OUTPUT VOLTAGE vs SUPPLY VOLTAGE 


3V < Vsupp < 16V 


ASC C 
CUNT T PSAU UT EE 
LLU | UU Tee 


10 100 10K 100K 
FRECUERGY (Hz) 


EQUIVALENT INPUT NOISE VOLTAGE (nV/VHz) 


FIGURE 16. EQUIVALENT INPUT NOISE VOLTAGE vs 
FREQUENCY 


veurpnrov | LTT Tt 
“tr | TT TTT 


MAXIMUM OUTPUT VOLTAGE (Vp.p) 
© 


10K 100K 1M 10M 
FREQUENCY (Hz) 


FIGURE 18. OUTPUT VOLTAGE vs FREQUENCY 
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FREE-AIR TEMPERATURE (°C) 


FIGURE 20. OUTPUT VOLTAGE vs FREE-AIR TEMPERATURE 
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Typical Performance Curves (continued) 


P= 
So 


MAXIMUM OUTPUT SOURCE CURRENT (mA) 
nN 
° 


SUPPLY VOLTAGE (V) 
FIGURE 21. OUTPUT SOURCE CURRENT vs SUPPLY VOLTAGE 


MAXIMUM OUTPUT VOLTAGE (Vp.p) 


LOAD RESISTANCE (kQ) 


FIGURE 23. OUTPUT VOLTAGE vs LOAD RESISTANCE 


Ta = 25°C, Vsupp = 10V 
6 Ry = 100kQ, C_ = 100pF 


OUTPUT 


INPUT AND OUTPUT VOLTAGE (V) 


0 20 40 60 80 100 120 
TIME (us) 


FIGURE 25. VOLTAGE FOLLOWER LARGE SIGNAL PULSE 
RESPONSE (Ig = 100u/A) 


MAXIMUM OUTPUT SINK CURRENT (mA) 


\ 


SUPPLY VOLTAGE (V) 


FIGURE 22. OUTPUT SINK CURRENT vs SUPPLY VOLTAGE 


Ta = 25°C, Vsupp = 10V 
Ry = 10kQ, C, = 100pF 


OPERATIONAL 
AMPLIFIERS 


INPUT AND OUTPUT VOLTAGE (V) 


TIME (1s) 


FIGURE 24. VOLTAGE FOLLOWER LARGE SIGNAL PULSE 
RESPONSE (Ig = 1mA) 


Ta = 25°C, Vsupp = 10V 
Ri = 1MQ, C, = 100pF 


INPUT AND OUTPUT VOLTAGE (V) 


0 200 400 600 800 1000 1200 
TIME (us) 


FIGURE 26. VOLTAGE FOLLOWER LARGE SIGNAL PULSE 
RESPONSE (Iq = 10u/A) 
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ICL7621, ICL7641, 
a) US "ICL 7642 


Dual/Quad, Low Power 


November 1996 CMOS Operational Amplifiers 
Features Description 
¢ Wide Operating Voltage Range.......... +1V to+8V The ICL761X/762X/764X series is a family of monolithic 
* High Input impedance..............0sesee: 410120 CMOS operational amplifiers. These devices provide the 


designer with high performance operation at low supply 


e Input Current Lower Than BIFETs......... 1pA (Typ) voltages and selectable quiescent currents. They are an 
ideal design tool when ultra low input current and low power 


¢ Output Voltage Swing 2.66 .6ccsvscnsivees V+ and V- dissipation are desired. 
° cleat as Duals and Quads (Refer to ICL7611 for +t, basic amplifier will operate at supply voltages ranging 
ingles 


from +1V to +8V, and may be operated from a single Lithium 


¢ Low Power Replacement for Many Standard Op Amps __ Cell. The output swing ranges to within a few millivolts of the 
supply voltages. 


Applications The quiescent supply current of these amplifiers is set to 3 
different ranges at the factory. Both amps of the dual 
ICL7621 are set to an Iq of 100/A, while each amplifier of 
¢ Telephone Headsets the quad ICL7641 and ICL7642 are set to an Ig of 1mA and 
10uA respectively. This results in power consumption as low 
as 20uW per amplifier. 


e Portable Instruments 


¢ Hearing Aid/Microphone Amplifiers 


° Meter Amplifiers Of particular significance is the extremely low (1 pA) input 
Q 


e Medical Instruments current, input noise current of 0.01pA/VHz, and 10 input 
; impedance. These features optimize performance in very 
¢ High Impedance Buffers high source impedance applications. 


The inputs are internally protected. Outputs are fully 
protected against short circuits to ground or to either supply. 


AC performance is excellent, with a slew rate of 1.6V/us, and 
unity gain bandwidth of 1MHz at Iq = 1mA. 


Because of the low power dissipation, junction temperature 
rise and drift are quite low. Applications utilizing these 
features may include stable instruments, extended life 
designs, or high density packages. 


Pinouts (See Ordering Information on Next Page) 


ICL7621 ICL7621 ICL7641 (PDIP) 
(PDIP, SOIC) (METAL CAN) ICL7642 (PDIP) 
TOP VIEW TOP VIEW TOP VIEW 


8 | V+ 
OUTs 
-INg 


5] +INg 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3403 1 
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ICL7621, ICL7641, ICL7642 


Ordering Information 


a 
8 Ld PDIP - B Grade - Iq = 100nA E8.3 
ICL7621DCPA 0 to 70 8 Ld PDIP - D Grade - Iq = 100A 
0 to 70 8 Pin Metal Can - B Grade - Ig = 100A Tac 
0 to 70 8 Pin Metal Can - D Grade - lq = 100nA Tac 
Tec 


-55 to 125 8 Pin Metal Can - A Grade - lq = 100nA : 


ICL7621BCTV 


- 
co 
>) 


ICL7621DCTV 


ar 
jee) 
O 


ICL7621AMTV 


mj 
je) 
1) 


ICL7621BMTV 


=f 
foe) 
@) 


55 to 125 8 Pin Metal Can - B Grade - Iq = 100A Tac | 
55 to 125 8 Pin Metal Can - D Grade - Iq = 100nA Tac 
0 to 70 8 Ld SOIC - D Grade - Ig = 100A 
0 to 70 8 Ld SOIC - D Grade - Tape and Reel - Iq = 100uA 
0 to 70 14.Ld PDIP - C Grade - Iq = 1mA 
0 to 70 14 Ld PDIP - E Grade -lq=1mA 
0 to 70 14Ld PDIP - C Grade - Iq = 10nA 
0 to 70 14Ld PDIP - E Grade - Iq = 10nA 


ICL7621DMTV 


4 
bo) 
1?) 


ICL7621DCBA 
ICL7621DCBA-T 
ICL7641CCPD 
ICL7641ECPD 
ICL7642CCPD 


ICL7642ECPD 
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ICL7621, ICL7641, ICL7642 


Absolute Maximum Ratings Thermal Information 
Supply Voltage V4 10 Ve cca wssanccxcwsensavcaswksewvens 18V Thermal Resistance (Typical, Note 3) Oya (CCIW) 8jc (CCW) 
PE VN 2260s 4 ere eg carug ea obese none V- -0.3 to V+ +0.3V Js PACKAGES ccnwe See emin nee ee 160 N/A 
Differential Input Voltage (Note 1).......... [(V+ +0.3) - (V- -0.3)]V Metal Can Package............... 160 75 
Duration of Output Short Circuit (Note 2).............. Unlimited 8 Load PDIP PaCKAQ6 24.6 esaness ss 120 N/A 
14 Lead PDIP Package............ 80 N/A 
Operating Conditions Maximum Junction Temperature (Hermetic Packages) ....... 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Temperature Range 4 ” Maximum Storage Temperature Range .......... -65°C to 150°C 
phew eer pete avis Maximum Lead Temperature (Soldering 10s)............ 300°C 
ekeas ahueeenhee ek eee eek eee anton (SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 
NOTES: 

1. Long term offset voltage stability will be degraded if large input differential voltages are applied for long periods of time. 


2. The outputs may be shorted to ground or to either supply, for Vsypp_y <10V. Care must be taken to insure that the dissipation rating is 
not exceeded. 


3. 8a is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +5V, Unless Otherwise Specified 
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ICL7621, ICL7641, ICL7642 


Electrical Specifications Vsyppyy = +5V, Unless Otherwise Specified (Continued) 


TEST 
PARAMETER SYMBOL} CONDITIONS 
Input Referred Noise Rs = 100Q, 
Current f = 1kHz 


Slew Rate SR Ay = 1, C, = 100pF 
VIN = 8Vp-p, 
Iq = 100pA, 
Overshoot 
Factor Cy. = 100pF 
Iq = 100A, 
Ry = 100kQ 


Electrical Specifications Vsyppyy = +5V, Unless Otherwise Specified 


| ] ’ 
TEST TEMP. ICL7641C, ICL7642C j ICL7641E, ICL7642E 
PARAMETER SYMBOL CONDITIONS ("C) 
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OPERATIONAL 


AMPLIFIERS 


ICL7621, ICL7641, ICL7642 


Electrical Specifications Vsypp ,y = +5V, Unless Otherwise Specified (Continued) 


TEMP. ICL7641C, ICL7642C J ICL7641E, ICL7642E 
ee 


= 
as 
ei 
Le 
cs 
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TEST 
CONDITIONS 


Avo. | !CL7642, Vo = +4V, 
Rp = 1MQ, lq = 10nA 


NITS 


Large Signal Voltage 
Gain 
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ICL7641, Vo = +4V, 
Ri = 10kQ, Iq = 1mA 
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Supply Current 
(Per Amplifier) 
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Slew Rate ICL7642, Iq = 10A, R, = 1MQ — 0.016 
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Electrical Specifications Vsyppyy = +1V, Iq = 10pA, Unless Otherwise Specified 
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Electrical Specifications Vsyppyy = +1V, Iq = 10uA, Unless Otherwise Specified (Continued) 


ICL7 
TEST TEMP. iain 
PARAMETERS SYMBOL CONDITIONS (°c) | MIN| TYP | MAX| UNITS 


Large Signal Voltage Gain 


Unity Gain Barawath BWP 
Power Supply Rejection Ratio PPSRR fo 
Input Referred Noise Voltage | en [Rg=1000,f=1kH2 
Input Referred Noise Current | in [Rg=1000,f=1kHz 


Supply Current (Per Amplifier) 


Channel Separation 


Vin = 50mV, Cy = 100pF Ry = 1MQ 25 
Overshoot Factor Vin = 50mV, C, = 100pF, Ry = 1MQ 


Schematic Diagram 
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INPUT STAGE SETTING STAGE OUTPUT STAGE 
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Application Information 


Static Protection 


All devices are static protected by the use of input diodes. 
However, strong static fields should be avoided, as it is 
possible for the strong fields to cause degraded diode 
junction characteristics, which may result in increased input 
leakage currents. 


Latchup Avoidance 


Junction-isolated CMOS circuits employ configurations 
which produce a parasitic 4-layer (PNPN) structure. The 4- 
layer structure has characteristics similar to an SCR, and 
under certain circumstances may be triggered into a low 
impedance state resulting in excessive supply current. To 
avoid this condition, no voltage greater than 0.3V beyond the 
supply rails may be applied to any pin. In general, the op 
amp supplies must be established simultaneously with, or 
before any input signals are applied. If this is not possible, 
the drive circuits must limit input current flow to 2mA to 
prevent latchup. 


Choosing the Proper Ig 


Each device in the ICL76XX family has a similar lq setup 
scheme, which allows the amplifier to be set to nominal 
quiescent currents of 104A, 100A or 1mA. These current 
settings change only very slightly over the entire supply 
voltage range. The 1CL7611/12 have an external Ig control 
terminal, permitting user selection of each amplifiers’ 
quiescent current. The ICL7621 and ICL7641/7642 have 
fixed Iq settings: 


ICL7621 (Dual) - lq = 100A 
ICL7641 (Quad) - lq =1mA 
ICL7642 (Quad) - lq = 10nA 


NOTE: The output current available is a function of the qui- 
escent current setting. For maximum peak-to-peak output 
voltage swings into low impedance loads, Iq of 1mA should 
be selected. 


Output Stage and Load Driving Considerations 


Each amplifiers’ quiescent current flows primarily in the out- 
put stage. This is approximately 70% of the Iq settings. This 
allows output swings to almost the supply rails for output 
loads of 1MQ, 100kQ, and 10kQ, using the output stage in a 
highly linear class A mode. In this mode, crossover distortion 
is avoided and the voltage gain is maximized. However, the 
output stage can also be operated in Class AB for higher 
output currents. (See graphs under Typical Operating Char- 
acteristics). During the transition from Class A to Class B 
operation, the output transfer characteristic is non-linear and 
the voltage gain decreases. 


Frequency Compensation 


The ICL76XX are internally compensated, and are stable for 
closed loop gains as low as unity with capacitive loads up to 
100pF. 


Operation At Vsypp_y = +1V 


Operation at Vsyppty = +1V is guaranteed for the 


ICL7642C only. 


Output swings to within a few millivolts of the supply rails are 
achievable for Ry = 1MQ Guaranteed input CMVR is +0.6V 
minimum and typically +0.9V to -0.7V at VsyppLy = +1V. For 
applications where greater common mode range _ is 
desirable, refer to the ICL7612 data sheet. 


Typical Applications 


The user is cautioned that, due to extremely high input 
impedances, care must be exercised in layout, construction, 
board cleanliness, and supply filtering to avoid hum and 
noise pickup. 


Note that in no case is lq shown. The value of Iq must be 
chosen by the designer with regard to frequency response 
and power dissipation. 


Vin ICL76XX 
Vout 
Ry > 10kQ 
FIGURE 1. SIMPLE FOLLOWER 
+5 +5 
VIN ICL76XX 
Vout 
100kQ TO CMOS OR 
LPTTL LOGIC 


1MQ 


FIGURE 2. LEVEL DETECTOR 
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Vout V+ 


DUTY CYCLE 
680kQ 


WAVEFORM GENERATOR 


NOTE: Since the output range swings exactly from rail to rail, fre- 


NOTE: Low leakage currents allow integration times up to quency and duty cycle are virtually independent of power supply 


several hours. 


variations. 
FIGURE 3. PHOTOCURRENT INTEGRATOR FIGURE 4. TRIANGLE/SQUARE WAVE GENERATOR 
1MQ 
Vou +8V 
0.5uF 
TO 
VIN 10kQ SUCCEEDING z ” 
INPUT >a 
STAGE O Ww 
1.8k = 5% uw 
SCALE q 
ADJUST VoL cc 2 
Od 
Oo 
COMMON 
FIGURE 5. AVERAGING AC TO DC CONVERTER FOR A/D FIGURE 6. BURN-IN AND LIFE TEST CIRCUIT 
CONVERTERS SUCH AS ICL7106, ICL7107, 
ICL7109, 1CL7116, 1CL7117 
0.2uF 


0.2uF 
. 0.2uF 


30kKQ 160kQ 
680kQ 100kQ 51kQ 


INPUT 
OUTPUT 


NOTES: 
4. Small capacitors (25 - 50pF) may be needed for stability in some cases. 


5. The low bias currents permit high resistance and low capacitance values to be used to achieve low frequency cutoff. 
fo = 10Hz, Ayo, = 4, Passband ripple = 0.1dB. 


FIGURE 7. FIFTH ORDER CHEBYCHEV MULTIPLE FEEDBACK LOW PASS FILTER 
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Typical Performance Curves 
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Typical Performance Curves (Continued) 
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FIGURE 14. POWER SUPPLY REJECTION RATIO vs FREE-AIR FIGURE 15. EQUIVALENT INPUT NOISE VOLTAGE vs 
TEMPERATURE FREQUENCY 
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FIGURE 18. OUTPUT VOLTAGE vs SUPPLY VOLTAGE FIGURE 19. OUTPUT VOLTAGE vs FREE-AIR TEMPERATURE 
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Typical Performance Curves (continued) 
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SUPPLY VOLTAGE (V) 
FIGURE 20. OUTPUT SOURCE CURRENT vs SUPPLY VOLTAGE 


FIGURE 21. OUTPUT SINK CURRENT vs SUPPLY VOLTAGE 


Ta = 25°C, Vsuppty = 10V 
Ry, = 10kQ , C, = 100pF 
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FIGURE 23. VOLTAGE FOLLOWER LARGE SIGNAL PULSE 


FIGURE 22. OUTPUT VOLTAGE vs LOAD RESISTANCE 
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FIGURE 25. VOLTAGE FOLLOWER LARGE SIGNAL PULSE 
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SEMICONDUCTOR 


ICL7650S 


2MHz, Super Chopper-Stabilized 
Operational Amplifier 


a 


November 1996 


Features 


Guaranteed Max Input Offset Voltage for Al/ 
Temperature Ranges 


Low Long-Term and Temperature Drifts of Input Offset 
Voltage 


Guaranteed Max Input Bias Current 


Extremely Wide Common Mode Voltage Range: +3.5V to 
-5V 


Reduced Supply Current 

Guaranteed Minimum Output Source/Sink Current 
Extremely High Gain 

Extremely High CMRR and PSRR 


HIGh SW AMG. caso cccrkecccseveseanencdens 2.5V/us The chopper amplifier achieves its low offset by comparing < ” 
the inverting and non-inverting input voltages in a nulling zc 
Wide Bandwidth amplifier, nulled by alternate clock phases. Two external Oo = 
Unity-Gain Compensated Capacitors are required to store the correcting potentials on > =I 
the two amplifier nulling inputs; these are the only external 7 = 
Clamp Circuit to Avoid Overload Recovery Problems components necessary. ~ <x 


and Allow Comparator Use 
Extremely Low Chopping Spikes at Input and Output 
Characterized Fully Over All Temperature Ranges 


Improved, Direct Replacement for Industry-Standard 
ICL7650 and other Second-Source Parts 


Pinouts (See Ordering Information on Next Page) 


ICL7650S 
(PDIP, SOIC) 
TOP VIEW 


Cexts 
8 | Cexts 


V+ 
|6 | OUTPUT 


5 | Cretn 


Cexta LU 
-IN cl S 
+IN | 3] 


a Ed 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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ICL7650S 
(METAL CAN) 
TOP VIEW 


Description 


The ICL7650S Super Chopper-Stabilized Amplifier offers 
exceptionally low input offset voltage and is extremely stable 
with respect to time and temperature. It is a direct replace- 
ment for the industry-standard ICL7650 offering improved 
input offset voltage, Jower input offset voltage temperature 
coefficient, reduced input bias current, and wider common 
mode voltage range. All improvements are highlighted in 
bold italics in the Electrical Characteristics section. Critical 
parameters are guaranteed over the entire commercial, 
industrial and military temperature ranges. 


Harris’ unique CMOS chopper-stabilized amplifier circuitry is 
user-transparent, virtually eliminating the traditional chopper 
amplifier problems of intermodulation effects, chopping 
spikes, and overrange lock-up. 


The clock oscillator and all the other control circuitry is 
entirely self-contained. However the 14 lead version includes 
a provision for the use of an external clock, if required for a 
particular application. In addition, the |CL7650S is internally 
compensated for unity-gain operation. 


ICL7650S 
(PDIP, CERDIP, SOIC) 
TOP VIEW 


13] EXT CLK IN 
12] INT CLK OUT 


[9 ] OUT CLAMP 


File Number 


2920.2 


ICL7650S 


Ordering Information 


[Parr wowsen | Tene manceec) | PACKAGE [| PKGNO 

jeuresoscrat | _owr owror Sides 

jevresosro Sid; 

icwresosvo «(esas —retacenr ida 
[setores __|suaceno irs 

jcvresosumvy | __sso1es__[apmmomcen —~irec 


Functional Diagram 
INT/EXT A 
A 
EXT CLK IN a 
B 
CLK OUT © Cc 


BIAS =] i i A=CLK OUT 
JT. Li. J ‘ 
ee eee Sees C 
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Absolute Maximum Ratings Thermal Information 
Supply Voltage (V+ 10 V-). 2. sce cccwcescovernusuvannes 18V Thermal Resistance (Typical, Note 2) Bya (°C/W) 8 JC (°C/W) 
WUE VOURGGs : once cengneeceendeceeiae as (V+ +0.3) to (V- -0.3) 8 Lead PDIP Package............. 120 N/A 
Voltage on Oscillator Control Pins ..................4. V+ to V- 14 Lead PDIP Package............ 80 N/A 
Duration of Output Short Circuit..................... Indefinite 8 Lead SOIC Package............. 160 N/A 
Current ANY FIR oocc6¥ids0n6 0 eke wree ce eesves aon ns 10mA 14 Lead SOIC Package............ 120 N/A 
While Operating (NOI6 1) ccc. cs ccc cncweiwccscevcaas 100nA CERDIP Package «.icascacaicwaes 75 20 
Metal Can Package............... 160 75 
Operating Conditions Maximum Junction Temperature (Hermetic Package) ........ 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Temperature Range o. Maximum Storage Temperature Range .......... -55°C to 150°C 
ICL7650SC .. 1... eee eee teen eee tenn ees we 0 =o Maximum Lead Temperature (Soldering 10s)............ 300°C 
GL FT GOCSl sc bv Kerk oeanh es bec ewes bee ee-u os -25°C to 85°C (SOIC - Lead Tips Only) 
1) Oo 
[FOC least dnecserersecereenceanreds -55~C to 125°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Limiting input current to 100uA is recommended to avoid latchup problems. Typically 1mA is safe, however this is not guaranteed. 
2. Oya is Measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsuppyy = +5V. See Test Circuit, Unless Otherwise Specified 


TEMP. 
PARAMETER SYMBOL | TEST CONDITIONS L eer 4. dane ae Lee! UNITS 


input Offset Voltage (Note 3 Vos fe 
oro | | | =e] w_ 
Cases | | 22 | so] ww 


rs 


aVegaT 070 | 
T2508 | 
rast 125 | 


Change in Input Offset with Time Wogat | t0 


Input Bias Current |I(+)l, II(-)! 25 
0 to 70 
-25 to 85 
-55 to 125 
85 to 125 


25 
0 to 70 
-25 to 85 
-55 to 125 
85 to 125 


Average Temperature Coefficient of 
Input Offset Voltage (Note 3) 


VPC 
VPC 


Oo 


—_ 
Oo =e 


> 


Pl YP] ri > 


Input Offset Current |\(-), ||(+)! 


TT 


= | 

SlElElE 
<|<|<|]<|<]< OPS|S/SISIS/SIS/S/ S/S] 3 

3 fo) 


~ 
S 


Ry = 10kQ, Vo =+4V 


Input Resistance 


Large Signal Voltage Gain (Note 3) 


Output Voltage Swing (Note 4) 


Common Mode Voltage Range (Note 3) 


0 to 70 


-55 to 125 
25 +4.7 +4.8 
+4.95 
25 


.2 to 


Ry = 10kQ 
Ry = 100kQ 
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Electrical Specifications Vsyppyy = +5V. See Test Circuit, Unless Otherwise Specified (Continued) 


TEMP. 
PARAMETER SYMBOL | TEST CONDITIONS eer UNITS 


Common Mode Rejection Ratio CMRR |CMVR=-5Vto+35V | 25 | 120 | 140 | - | GB | 
Note TS 
ase piste 
Caste ras | 110 | 
[Power Supply Rejection Ratio | Pan |vg=zavioxey [25 | 20 


Input Noise Voltage Rs = 1002, 25 
f = DC to 10Hz 


Gain Bandwiath Produa GBWP ee ee ee 
Siow Rate A CORK 


<a eae ASN a 
CT = 
[Operating Supply Range ——SC*d Seto PC a5 
No Load | se | 

Oto70 | - | 

-25t085 | - | 

-55to125 | - | 

lO SOURCE | 2.9 | 

Oto70 | 23 _ 

-25t085 | 2.2 | 

-55 to 125 


O;nm 


ANHz 


no) 


V/us 


— 


=, 


6 


3 


3713/3 


Output Source Current 


=SER EF. 


= 
2] 2 Lisisiais 3 oft = < 


> 


Supply Current 
01070 


Output Sink Current 


> 


-25 to 85 
-55 to 125 


> 


37 


Internal Chopping Frequency Pins 13 and 14 Open 


| fon 
[Clamp ON Current (Notes) | Cu tO —SCC«dT=SC CS 
Clamp OFF Current (Note 5) -4V < Vout < +4V 
0 to 70 
-25 to 85 
-55 to 125 
NOTES: 


3. These parameters are guaranteed by design and characterization, but not tested at temperature extremes because thermocouple effects 
prevent precise measurement of these voltages in automatic test equipment. 


4. OUTPUT CLAMP not connected. See typical characteristic curves for output swing vs clamp current characteristics. 
5. See OUTPUT CLAMP under detailed description. 
6. All significant improvements over the industry-standard ICL7650 are highlighted in bold italics. 


3 ft 
PI Pin 


=} 


> 


Test Circuit 


OUTPUT 


3-714 


ICL7650S 


Application Information 


Detailed Description 
Amplifier 


The functional diagram shows the major elements of the 
ICL7650S. There are two amplifiers, the main amplifier, and 
the nulling amplifier. Both have offset-null capability. The 
main amplifier is connected continuously from the input to 
the output, while the nulling amplifier, under the control of 
the chopping oscillator and clock circuit, alternately nulls 
itself and the main amplifier. The nulling connections, which 
are MOSFET gates, are inherently high impedance, and two 
external capacitors provide the required storage of the null- 
ing potentials and the necessary nulling-loop time constants. 
The nulling arrangement operates over the full common- 
mode and power-supply ranges, and is also independent of 
the output level, thus giving exceptionally high CMRR, 
PSRR, and Avo_. 


Careful balancing of the input switches, and the inherent bal- 
ance of the input circuit, minimizes chopper frequency 
charge injection at the input terminals, and also the feed 
forward-type injection into the compensation capacitor, 
which is the main cause of output spikes in this type of 
circuit. 


intermodulation 


Previous chopper-stabilized amplifiers have suffered from 
intermodulation effects between the chopper frequency and 
input signals. These arise because the finite AC gain of the 
amplifier necessitates a small AC signal at the input. This is 
seen by the zeroing circuit as an error signal, which is 
chopped and fed back, thus injecting sum and difference 
frequencies and causing disturbances to the gain and phase 
vs frequency characteristics near the chopping frequency. 
These effects are substantially reduced in the ICL7650S by 
feeding the nulling circuit with a dynamic current, corre- 
sponding to the compensation capacitor current, in such a 
way as to cancel that portion of the input signal due to finite 
AC gain. Since that is the major error contribution to the 
ICL7650S, the intermodulation and gain/phase disturbances 
are held to very low values, and can generally be ignored. 


Capacitor Connection 


The null/storage capacitors should be connected to the 
Cexta and Cextp pins, with a common connection to the 
Cretn pin. This connection should be made directly by 
either a separate wire or PC trace to avoid injecting load 
current IR drops into the capacitive circuitry. The outside foil, 
where available, should be connected to Cretn. 


Output Clamp 


The OUTPUT CLAMP pin allows reduction of the overload 
recovery time inherent with chopper-stabilized amplifiers. 
When tied to the inverting input pin, or summing junction, a 


current path between this point and the OUTPUT pin occurs 
just before the device output saturates. Thus uncontrolled 
input differentials are avoided, together with the consequent 
charge buildup on the correction-storage capacitors. The 
output swing is slightly reduced. 


Clock 


The ICL7650S has an internal oscillator, giving a chopping 
frequency of 200Hz, available at the CLOCK OUT pin on the 
14 pin devices. Provision has also been made for the use of 
an external clock in these parts. The INT/EXT pin has an 
internal pull-up and may be left open for normal operation, 
but to utilize an external clock this pin must be tied to V- to 
disable the internal clock. The external clock signal may then 
be applied to the EXT CLOCK IN pin. An internal divide-by- 
two provides the desired 50% input switching duty cycle. 
Since the capacitors are charged only when EXT CLOCK IN 
is high, a 50% - 80% positive duty cycle is recommended, 
especially for higher frequencies. The external clock can 
swing between V+ and V-. The logic threshold will be at 
about 2.5V below V+. Note also that a signal of about 400 
Hz, with a 70% duty cycle, will be present at the EXT 
CLOCK IN pin with INT/EXT high or open. This is the 
internal clock signal before being fed to the divider. 


In those applications where a strobe signal is available, an 
alternate approach to avoid capacitor misbalancing during 
overload can be used. If a strobe signal is connected to EXT 
CLK IN so that it is low during the time that the overload 
signal is applied to the amplifier, neither capacitor will be 
charged. Since the leakage at the capacitor pins is quite low 
at room temperature, the typical amplifier will drift less than 
10,.V/s, and relatively long measurements can be made with 
little change in offset. 


Component Selection 


The two required capacitors, Cexyta and CeytTp, have 
optimum values depending on the clock or chopping 
frequency. For the preset internal clock, the correct value is 
0.1uF, and to maintain the same relationship between the 
chopping frequency and the nulling time constant this value 
should be scaled approximately in proportion if an external 
clock is used. A high quality film type capacitor such as 
mylar is preferred, although a ceramic or other lower-grade 
Capacitor may prove suitable in many applications. For 
quickest settling on initial turn-on, low dielectric absorption 
Capacitors (such as polypropylene) should be used. With 
ceramic capacitors, several seconds may be required to 
settle to 1pV. 


Static Protection 


All device pins are static-protected by the use of input 
diodes. However, strong static fields and discharges should 
be avoided, as they can cause degraded diode junction 
characteristics, which may result in increased input-leakage 
currents. 
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INPUT 


OUTPUT 


FIGURE 1A. INVERTING AMPLIFIER 


R2 
OUTPUT 
Ry 
— INPUT 

R,R SHOULD BE LOW 
NOTE: IMPEDANCE FOR 

R, + Ro 

OPTIMUM GUARDING 


FIGURE 1C. NON-INVERTING AMPLIFIER 


OUTPUT 
INPUT 


FIGURE 1B. FOLLOWER 


EXTERNAL 
CAPACITORS 
OUTPUT as! 
CRETN ~ 
Mo. 
BOTTOM VIEW 


FIGURE 1D. BOARD LAYOUT FOR INPUT GUARDING WITH 
TO-99 PACKAGE 


FIGURE 1. CONNECTION OF INPUT GUARDS 


Latchup Avoidance 


Junction-isolated CMOS circuits inherently include a 
parasitic 4-layer (PNPN) structure which has characteristics 
similar to an SCR. Under certain circumstances this junction 
may be triggered into a low-impedance state, resulting in 
excessive supply current. To avoid this condition, no voltage 
greater than 0.3V beyond the supply rails should be applied 
to any pin. In general, the amplifier supplies must be 
established either at the same time or before any input 
signals are applied. If this is not possible, the drive circuits 
must limit input current flow to under 1mA to avoid latchup, 
even under fault conditions. 


Output Stage/Load Driving 


The output circuit is a high-impedance type (approximately 
18kQ), and therefore with loads less than this value, the 
chopper amplifier behaves in some ways like a transconduc- 
tance amplifier whose open-loop gain is proportional to load 
resistance. For example, the open-loop gain will be 17dB 
lower with a 1kQ load than with a 10kQ load. If the amplifier 
is used strictly for DC, this lower gain is of little conse- 
quence, since the DC gain is typically greater than 120dB 
even with a 1kQ load. However, for wideband applications, 
the best frequency response will be achieved with a load 
resistor of 10kQ or higher. This will result in a smooth 
6dB/octave response from 0.1Hz to 2MHz, with phase shifts 
of less than 10 degrees in the transition region where the 
main amplifier takes over from the null amplifier. 


Thermo-Electric Effects 


The ultimate limitations to ultra-high precision DC amplifiers 
are the thermo-electric or Peltier effects arising in thermo- 
couple junctions of dissimilar metals, alloys, silicon, etc. 
Unless all junctions are at the same temperature, thermo- 
electric voltages typically around 0.1.V/°C, but up to tens of 
mV/°C for some materials, will be generated. In order to 


realize the extremely low offset voltages that the chopper 
amplifier can provide, it is essential to take special precau- 
tions to avoid temperature gradients. All components should 
be enclosed to eliminate air movement, especially that 
caused by power-dissipating elements in the system. Low 
thermoelectric-efficient connections should be used where 
possible and power supply voltages and power dissipation 
should be kept to a minimum. High-impedance loads are 
preferable, and good separation from surrounding heat- 
dissipating elements is advisable. 


Guarding 


Extra care must be taken in the assembly of printed circuit 
boards to take full advantage of the low input currents of the 
ICL7650S. Boards must be thoroughly cleaned with TCE or 
alcohol and blown dry with compressed air. After cleaning, 
the boards should be coated with epoxy or silicone rubber to 
prevent contamination. 


Even with properly cleaned and coated boards, leakage 
currents may cause trouble, particularly since the input pins 
are adjacent to pins that are at supply potentials. This 
leakage can be significantly reduced by using guarding to 
lower the voltage difference between the inputs and adjacent 
metal runs. Input guarding of the 8-pin TO-99 package is 
accomplished by using a 10-lead pin circle, with the leads of 
the device formed so that the holes adjacent to the inputs 
are empty when it is inserted in the board. The guard, which 
is a conductive ring surrounding the inputs, is connected to a 
low impedance point that is at approximately the same 
voltage as the inputs. Leakage currents from high-voltage 
pins are then absorbed by the guard. 


The pin configuration of the 14 pin dual in-line package is 
designed to facilitate guarding, since the pins adjacent to the 
inputs are not used (this is different from the standard 741 and 
101A pin configuration, but corresponds to that of the LM108). 
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Pin Compatibility 


The basic pinout of the 8-pin device corresponds, where 
possible, to that of the industry standard 8-pin devices, the 
LM741, LM101, etc. The null-storing external capacitors are 
connected to pins 1 and 8, usually used for offset null or 
compensation capacitors, or simply not connected. In the 
case of the OP-05 and OP-07 devices, the replacement of the 
offset-null pot, connected between pins 1 and 8 and V+, by 
two capacitors from those pins to pin 5, will provide easy 
compatibility. As for the LM108, replacement of the compen- 
sation capacitor between pins 1 and 8 by the two capacitors to 
pin 5 is all that is necessary. The same operation, with the 
removal of any connection to pin 5, will suffice for the LM101, 
uA748, and similar parts. 


The 14-pin device pinout corresponds most closely to that of 
the LM108 device, owing to the provision of “NC” pins for 
guarding between the input and all other pins. Since this 
device does not use any of the extra pins, and has no 
provision for offset-nulling, but requires a compensation 
capacitor, some changes will be required in layout to convert 
it to the ICL7650S. 


Typical Applications 


Clearly the applications of the |CL7650S will mirror those of 
other op-amps. Anywhere that the performance of a circuit 
can be significantly improved by a reduction of input-offset 
voltage and bias current, the |CL7650S is the logical choice. 
Basic non-inverting and inverting amplifier circuits are shown 
in Figures 2 and 3. Both circuits can use the output clamping 
circuit to enhance the overload recovery performance. The 
only limitations on the replacement of other op amps by the 
ICL7650S are the supply voltage (+8V Max) and the output 
drive capability (10kQ load for full swing). Even these limita- 
tions can be overcome using a simple booster circuit, as 
shown in Figure 4, to enable the full output capabilities of the 
LM741 (or any other standard device) to be combined with 
the input capabilities of the ICL7650S. The pair form a com- 
posite device, so loop gain stability, wnen the feedback net- 
work is added, should be watched carefully. 


Rg + (RylIRo) 2 100kQ 
FOR FULL CLAMP EFFECT — 


NOTE: Rj4IIlRo indicates the parallel combination of Ry and Ro. 
FIGURE 2. NON INVERTING AMPLIFIER WITH OPTIONAL CLAMP 
Figure 5 shows the use of the clamp circuit to advantage in a 


zero-offset comparator. The usual problems in using a chop- 
per stabilized amplifier in this application are avoided, since 


the clamp circuit forces the inverting input to follow the input 
signal. The threshold input must tolerate the output clamp cur- 
rent = Vin/R without disturbing other portions of the system. 


INPUT 


0.1,F 


(RylIR2) > 100k 
FOR FULL CLAMP EFFECT 


NOTE: Rj4IIRo indicates the parallel combination of Ry and Ro. 
FIGURE 3. INVERTING AMPLIFIER WITH (OPTIONAL) CLAMP 


Normal logarithmic amplifiers are limited in dynamic range in 
the voltage-input mode by their input-offset voltage. The 
built-in temperature compensation and convenience features 
of the ICL8048 can be extended to a voltage-input dynamic 
range of close to 6 decades by using the ICL7650S to offset- 
null the |CL8048, as shown in Figure 6. The same concept 
can also be used with such devices as the HA2500 or 
HA2600 families of op-amps to add very low offset voltage 
capability to their very high slew rates and bandwidths. Note 
that these circuits will also have their DC gains, CMRR, and 
PSRR enhanced. 


FIGURE 4. USING 741 TO BOOST OUTPUT DRIVE CAPACITY 


200kQ - 2MQ 


FIGURE 5. LOW OFFSET COMPARATOR 
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RREF V+ 
VREF . 
a (+15V) Fis 
33kQ 33kQ IREF 


13 
res 
— 
7 a 
IN . Vout 
Rin ° 10 
1 
I } 
I | 
= 1 ICL8048 I 
i 15.9kQ I 


GROUND GAIN 
eo ee oh ee ee ae ee) d 
150pF Cy 7 15 R2 
68022 1kQ 
1 1 
-—WA— (LOW T.C.) 
Ro = 
10kQ 


NOTE: For further Applications Assistance, see A053 and R017. 
FIGURE 6. ICL8048 OFFSET NULLED BY ICL7650S 


Typical Performance Curves 


< _ 
— < 
E* = 
re 3 
vad WwW 
= c 
oO cx 
—_ 
> oO 
- 7 > 
3 é 
“ = 
” 
0 
4 6 8 10 12 14 16 
TOTAL SUPPLY VOLTAGE (V) TEMPERATURE (°C) 
FIGURE 7. SUPPLY CURRENT vs SUPPLY VOLTAGE FIGURE 8. SUPPLY CURRENT vs AMBIENT TEMPERATURE 


6 NEGATIVE 
LIMIT 


MAXIMUM OUTPUT CURRENT (mA) 
COMMON MODE VOLTAGE LIMIT 
> 


0 
2 4 6 8 10 12 14 16 
TOTAL SUPPLY VOLTAGE (V) SUPPLY VOLTAGE (+V) 
FIGURE 9. MAXIMUM OUTPUT CURRENT vs SUPPLY FIGURE 10. COMMON MODE INPUT VOLTAGE RANGE vs 
VOLTAGE SUPPLY VOLTAGE 
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Typical Performance Curves (Continued) 


a 
ea ena 


_ 
oO 
oO 


BROADBAND NOISE 
(Ay = 1000) 


CLOCK RIPPLE DUE TO LEAKAGE CURRENT 
AT CAP PINS (1Vp.p REFERRED TO INPUT) 
3 
10Hz NOISE VOLTAGE (uVp.p) 

NO 


0 
10 100 1 10K 
TEMPERATURE (°C) CHOPPING FREQUENCY - CLOCK OUT (Hz) 
FIGURE 11. CLOCK RIPPLE REFERRED TO THE INPUT vs FIGURE 12. 10Hz NOISE VOLTAGE vs CHOPPING 
TEMPERATURE FREQUENCY 
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INPUT OFFSET VOLTAGE CHANGE (:V) 
OFFSET VOLTAGE (1V) 
> 


RTE LD 
5 ae am wa Hi 
K 


4 6 8 10 12 14 16 10 100 1 10K 
TOTAL SUPPLY VOLTAGE (V) CHOPPING FREQUENCY - CLOCK OUT (Hz) 
FIGURE 13. INPUT OFFSET VOLTAGE CHANGE vs SUPPLY FIGURE 14. INPUT OFFSET VOLTAGE vs CHOPPING 
VOLTAGE FREQUENCY 


: a 
Ss J 
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= EE oo n 
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fe) 4 wo 
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a < 
fe) r 
a 
TIME (ms) FREQUENCY (Hz) 
FIGURE 15. OUTPUT WITH ZERO INPUT; GAIN = 1000; FIGURE 16. OPEN LOOP GAIN AND PHASE SHIFT vs 
BALANCED SOURCE IMPEDANCE = 10kQ FREQUENCY 
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Typical Performance Curves (continued) 
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FIGURE 17. OPEN LOOP GAIN AND PHASE SHIFT vs 
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NOTE: The two different responses correspond to the two phases of 
the clock. 


FIGURE 19. VOLTAGE FOLLOWER LARGE SIGNAL PULSE 
RESPONSE (NOTE) 


100A 
10pA 
1pA 
100nA 
10nA 


1nA 


100pA 


P-CHANNEL CLAMP CURRENT 


10pA 


1pA 


TIT 
a 


CLOCK OUT 
F HIGH 


lf = 
P| A, | | 
pt} TTT ty 


0 oF 10 15 20 £25 
TIME (uS) 


OUTPUT VOLTAGE (V) 
° 


NOTE: The two different responses correspond to the two phases of the 
clock. 


FIGURE 18. VOLTAGE FOLLOWER LARGE SIGNAL PULSE 
RESPONSE (NOTE) 


100A 
10pnA 
1pA 
100nA 
10nA 
1nA 


100pA 


N-CHANNEL CLAMP CURRENT 


10pA 


ES eS a aed) 


0.8 0.6 0.4 0.2 0 
OUTPUT VOLTAGE (AV-) 


FIGURE 20. N-CHANNEL CLAMP CURRENT vs OUTPUT 
VOLTAGE 


OUTPUT VOLTAGE (AV+) 


FIGURE 21. P-CHANNEL CLAMP CURRENT vs OUTPUT VOLTAGE 
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Operational Amplifiers Glossary of Terms 


AVERAGE INPUT OFFSET CURRENT DRIFT - The aver- 
age change in offset current between room (25°C) and high 
temperature (125°C, 85°C or 75°C) or between room tem- 
perature and low temperature (0°C, -25°C or -55°C) divided 
by the temperature difference. 


AVERAGE OFFSET VOLTAGE DRIFT - The average 
change in offset voltage between room (25°C) and high tem- 
perature (125°C, 85°C or 75°C) or between room tempera- 
ture and low temperature (0°C, -25°C or -55°C) divided by 
the temperature difference. 


CHANNEL SEPARATION - The ratio of the output of a 
driven amplifier to the output (referred to input) of an 
adjacent undriven amplifier. 


COMMON MODE INPUT VOLTAGE (Vic) - The average of 
the voltages present at the differential input terminals. 


COMMON MODE INPUT VOLTAGE RANGE (Vicpr) - The 
range of voltage that if exceeded at either input terminal will 
cause the amplifier to cease operating properly. 


COMMON MODE REJECTION RATIO (CMRR) - The ratio 
of change in input offset voltage to change in input common 
mode voltage, expressed in dB. 


Vio 
CMRR = 20 x logy 5 vn. 
CM 


COMMON MODE RESISTANCE (ric) - The ratio of change 
in input common mode voltage to the resulting change in 
input current. 


DIFFERENTIAL INPUT RESISTANCE (rip) - The ratio of 
change in input differential voltage (small signal, assumes 
amplifier operating linearly) to the resulting change in 
differential input current. 


FULL POWER BANDWIDTH (FPBW) - The maximum 
frequency at which a full scale undistorted (THD < 1%) sine 
wave can be obtained at the output of the amplifier. 


GAIN BANDWIDTH PRODUCT (GBWP) - The open loop 
gain of an op amp (in V/V) at a mid-band, linear region fre- 
quency (usually between 1kHz and 10kHz) times that fre- 
quency (in Hz). GBWP = [Ayo] « f. 


INPUT BIAS CURRENT (lIpias) - The average of the 
currents flowing into or out of the input terminals when the 
output is at zero volts. 


INPUT CAPACITANCE (Cyn) - The equivalent capacitance 
seen looking into either input terminal. 


INPUT NOISE CURRENT (iy) - The input noise current that 
would reproduce the noise seen at the output if all amplifier 
noise sources were set to zero and the source impedances 
were large compared to the optimum source impedance. 


INPUT OFFSET CURRENT (Ios) - The difference in the 
currents flowing into the two input terminals when the output 
is at zero volts. 


INPUT OFFSET VOLTAGE (Vio) - The differential DC volt- 
age required to zero the output voltage with no input signal 
or load. Input offset voltage may also be defined for the case 
where two equal resistances are inserted in series with the 
input leads. 


INPUT NOISE VOLTAGE (ej) - The input noise voltage that 
would reproduce the noise seen at the output if all the ampli- 
fier noise sources and source resistances were set to zero. 


LARGE SIGNAL VOLTAGE GAIN (Ay) - The ratio of the 
peak to peak output voltage swing (over a specified range) to 
the change in input voltage required to drive the output. 


OUTPUT CURRENT (loyrt) - The output current available 
from the amplifier at some specified output voltage. 


OUTPUT RESISTANCE (Ro) - The ratio of the change in 
output voltage to the change in output current. 


OUTPUT SHORT CIRCUIT CURRENT (Isc) - The output 
current available from the amplifier with the output shorted to 
ground (or other specified potential). 


OUTPUT VOLTAGE SWING (Voyrt) - The maximum output 
voltage swing, referred to ground, that can be obtained 
under specified loading conditions. 


OVERSHOOT - Peak excursion above final value of an out- 
put step response. 


POWER SUPPLY REJECTION RATIO (PSRR) - The ratio of 
the change in input offset voltage to the change in power 
supply voltage producing it. 

RISE TIME (tp) - The time required for an output voltage 


step to change from 10% to 90% of its final value, when the 
input is subjected to a small signal voltage pulse. 


SETTLING TIME (ts_er7) - The time required, after application 
of a step input signal, for the output voltage to settle and 
remain within a specified error band around the final value. 


SLEW RATE (SR) - The rate of change of the output under 
large signal conditions. Slew rate may be _ specified 
separately for both positive and negative going changes. 


SUPPLY CURRENT (I<) - The current required from the 
power supply to operate the amplifier with no load and the 
output at zero volts. 


SUPPLY VOLTAGE RANGE - The range of power supply 
voltage over which the amplifier may be safely operated. 


UNITY GAIN BANDWIDTH - The frequency range from DC to 
that frequency where the amplifier's open loop gain is unity. 
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Selection Guide 


COMPARATORS: Electrical Characteristics, Ta = 25°C 


SUPPLY | SUPPLY VOLTAGE 


Vio | CURRENT | CURRENT RANGE Ao. | RESPONSE (NOTE 1) 


MAX V+, V- 
TYPE | (mV) TYP (V) 


DUAL UNIT TYPES 


CA3290 50pA +5, 0 to +18, -18 
CA3290A 40pA +5, 0 to +18, -18 


QUAD UNIT TYPES 


CA1S9A <a +2.5, 0 to +18, -18 


Ne ORCA 
inwso [| | 2 | eaomnee | 
jer [7 | | 2 | esowne we | 
inasoe [oo [oo | 2 | eaowve we | 


HA-4900 2 75 +20, -8, +4] +5,0to+16.5,-16.5 | 112 
(Note 2) 

HA-4902 2 150 +20, -8, +4] +5,0to+16.5,-16.5 | 112 
(Note 2) 


HA-4905 4 150 +20, -8, +4] +5,0to+16.5, -16.5 
(Note 2) 


NOTE: 
1. See Linear Package Selection Guide in Section 11. 
2. Positive Supply Current, Negative Supply Current, Logic Supply Current. 
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TIME LEAD COUNT AND 
TYP (ns) PACKAGE TYPE COMMENTS 


8PDIP, 14PDIP, 8Can iy 


14PDIP, 14CERDIP, | Mil Temp Range 
14SOIC 


14PDIP,14SOIC | Mil Temp Range 


14PDIP, 14CERDIP, |Ind Temp Range 
14SOIC 

14PDIP, 14CERDIP, |Ind Temp Range 
14SOIC 


Teron soe | 
a 


16CERDIP Single or Dual Supply. 
Analog and Logic 


16PDIP, 16CERDIP, 
16SOIC (300 mil), 
20PLCC 


Supplies Separated 
130 16CERDIP for Easier Interface 
and Noise Immunity 


CA139, CA139A, CA239, CA239A, 
CA339, CA339A, LM339, LM339A, 
LM2901, LM3302 


Quad Voltage Comparators for Industrial, 
Commercial and Military Applications 


FARRIS 


SEMICONDUCTOR 


November 1996 


Features 


Operation from Single or Dual Supplies 
Common Mode Input Voltage Range to GND 


Output Voltage Compatible with TTL, DTL, ECL, MOS 
and CMOS 


Differential Input Voltage Range Equal to the Supply 
Voltage 


Maximum Input Offset Voltage (Vio) 
- CA139A, CA239A, CA339A 

- CA139, CA239, CA339 

- LM2901 

- LM3302 


Replacement for Industry Types 139, 239, 339, 139A, 
239A, 339A, 2901, 3302 


Applications 


Square Wave Generator 

Time Delay Generators 

Pulse Generators 

Multivibrators 

High Voltage Digital Logic Gates 
A/D Converters 

MOS Clock Timers 


Pinout 


CA139, CA239, CA239A (PDIP, CERDIP, SOIC) 
CA139A, CA339, CA339A, LM2901, LM3302 (PDIP, SOIC) 
LM339, LM339A (PDIP) 

TOP VIEW 


OUTPUT 2 | 1 14] OUTPUT 3 


OUTPUT 1 113| OUTPUT 4 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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Description 


The devices in this series consist of four independent single or dual 
supply voltage comparators on a single monolithic substrate. The 
common mode input voltage range includes ground even when oper- 
ated from a single supply, and the low power supply current drain 
makes these comparators suitable for battery operation. These types 
were designed to directly interface with TTL and CMOS. 

Types CA139A, CA239A, and CA339A have all the features and 
characteristics of their prototype counterparts CA139, CA239, and 
CA3339 plus an even lower input offset voltage characteristic. All the 
SOIC parts are available on tape and reel. Replace the M suffix in 
the part number with M96 when ordering (e.g. CAO3389AM96). The 
CA3339 is also available in chip form (H suffix). 


Ordering Information 


TEMP. 
PART NO. (BRAND) | RANGE (°C) 


_wee ie Pere eee | 
CA0139M, AM (139, 139A) ] -55 to 125 M14.15 
CAO230E, AE E143 
CA0230F, AF E143 
CA0230M, (239) 14Ld SOIC | M14.15 
CA0S30E, AE E143 
CA0G3OM, (330) Mi4.15 
EWCON EN Me 


Mia is 
EIa3 
Mia is 
E143 
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CA139, CA139A, CA239, CA239A, CA339, CA339A, LM339, LM339A, LM2901, LM3302 


Absolute Maximum Ratings 


BUDO VONOOE is cape cesdvane sie otnegecaeenes 36V or +18V 
Differential (npul VONAGE... «2.6 eee eke eed deste ee se nees 36V 
Wiplll VOUGEG: cio nce cse vw Gewassae vena wee eeaes -0.3V to +36V 
input Cotrent (Vj) <°O.3V, NOW 1) 0s. esse cee kee ees eres 50mA 


Output Short Circuit Duration (Single Supply, Note 2) .. Continuous 


Operating Conditions 


Temperature Range 


CA139, CA139A..... 0... eee eee eee -55°C to 125°C 


CA239, CA239A....... 0c ec ce eee ee eee -25°C to 80°C 
CA339, CA339A, LM339, LM339A.............. 0°C to 70°C 
LM2901, LM3302.............. 00.0 cece eens -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 3) Bya (°C/W) By (PCC/W) 
CEADIP PaCKhOe cxcsessseenianeres 90 30 


PUIP PAROS sais aera wede cbs ay eres 100 N/A 
SOIC Package... ..c-sacviavnsscaess 175 N/A 
Maximum Junction Temperature (Ceramic Package)....... 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 


Maximum Storage Temperature Range ......... - 
Maximum Lead Temperature (Soldering 10s)............ 
(SOIC - Lead Tips Only) 


300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. Inputs must not go more negative than -0.3V. 


2. Short circuits from the output to V+ can cause excessive heating and eventual destruction. The maximum output current independent of 


V+ is approximately 20mA. 


3. 6ja is Measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications V+ = 5vV, Unless Otherwise Specified 


TEST 
CONDITIONS 


Vref = 1.4V, Rs = 0, 
Output Switch Point 


Vi- = 1V, Vit = OV, 
Isink S$ 4mA 


Common Mode Input 
Voltage Range 


Input Offset Current 


Input Bias Current 


Total Supply Current 


Output Leakage 
Current 


I}+ Or lj- with Output in 


Linear Range 


Vo = 5V 


Vit 2 1V, Vi- = OV, 
Vo = 30V 


V)- 2 1V, Vit = OV, Vo 
< 1.5V 


fe Vit 2 1V, Vj- = OV, 


°c) coco 
ee 
I 
“eee 

\- (if used), (Note 5) 
i ee 
Pee 
ven Dace fo 
cp Beeps 
7 ee 
Pree | 
ue | 
Pree 
cs 


R, = On All Ta = 25 
Comparators 
Ta = 25 


Ry, > 15kQ, V+ = 15V 


UNITS 


V 


= 


o 
3 
<= 


BOR 
on 


250 400 


b 
oO 
= 
3 
< 


RE. 700 700 mV 

Te V+ -2 V+-2 

ccs 

= Po : 

| 25 100 100 nA 
300 300 nA 


3 
> 


0.1 


> 


= 


=| 
> 


200 


oO 

NO i) 4 
° = ot w on < 
ro) ro) v 


V/mV 
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CA139, CA139A, CA239, CA239A, CA339, CA339A, LM339, LM339A, LM2901, LM3302 


Electrical Specifications V+ =5vV, Unless Otherwise Specified (Continued) 


TEST 
CONDITIONS 


Large Signal Response V, = TTL Logic Swing, 


Time Vrer = 1.4V, Vr, =5V, 
Ryu = 5.1kQ 


Response Time 
(Figures 3, 4) 


Electrical Specifications — V+ =5vV, Unless Otherwise Specified 


CA239, CA339, CA239A, CA339A, 
TEST LM339A 
PARAMETER SYMBOL CONDITIONS 
lO 


Input Offset Voltage Vrer = 1.4V, Rs = 0, 


Cc 
3 
< 


Output Switch Point 
V=1.4V 


Differential Input Voltage Keep Alllnputs > OV, 


io) 


or V- (if used), 
(Note 5) 


Saturation Voltage Vsar_ | Vi- = 1V, Vit = OV, 
see note 
Common Mode Input Ta = 25 
Voltage Range 
Input Offset Current = 
I|+ Or |j- with Output in 


La ; 
Input Bias Current Za 
Linear Range Note 4 
Note 4 
Total Supply Current I+ R, = -0n All Ta = 25 
Comparators 


w 
3 


oO 
oO 
> 
(2 
oO 


~s 
-) 
ro) 
N 
=) 
ro) 
= 


xk € 
wo + 


< 
+ 
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” 
oc 
2 
< 
a 
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= 
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= 


=, 
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Output Leakage Current Vit 2 1V, Vi- = OV, Ta =25 . 
Vo = 5V 
Vi+ 2 1V, Vi- = OV, Note 4 
Vo = 30V 

Output Sink Current V)- 2 1V, Vit = OV, Ta= 25 
Vo < 1.5V 


Voltage Gain Ry = 15kQ, V+ = 15V 


Large Signal Response = TTLLogic Swing, Ta = 25 
Time 

Vea = 5V, Rp =5.1kQ 
Response Time Vat =5V, RL =5.1kQ]) Ta = 25 1.3 


(Figures 3, 4) 
NOTES: 

4. Ambient Temperature (Ta) applicable over operating temperature range as shown below. 
CA139, CA139A = -55°C to 125°C; CA239, CA239A = -25°C to 85°C; CA339, CA339A, LM339, LM339A = 0°C to 70°C; LM2901, 
LM3302 = -40°C to 85°C. 

5. The comparator will provide a proper output state even if the positive swing of the inputs exceeds the power supply voltage level, if the 
other input remains within the common mode voltage range. The low input voltage state must not be less than -0.3V (or 0.3V below the 
magnitude of the negative power supply, if used). 


= 


- 1) 4|& 
© ae) 
fo) = on on rol < 
a ~ ' — OU] & 
o 
on 
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6. The upper end of the common mode voltage range is (V+) - 1.5V, but either or both inputs can go to +30V without damage. 
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CA139, CA139A, CA239, CA239A, CA339, CA339A, LM339, LM339A, LM2901, LM3302 


Electrical Specifications V+ = 5V, Unless Otherwise Specified 


TEST 
PARAMETER SYMBOL CONDITIONS 
Vio 


Input Offset Voltage Vrer=1.4V, Rg=0, 


Output Switch Point 


Vi- = 1V, Vit = OV, 
ISiInK S$ 4mA 


Common Mode Input 
Voltage Range 


Input Offset Current 


Input Bias Current I;+ Or |)- with Output 
in Linear Range 
Total Supply Current R, = on All 


Comparators 
Output Leakage Current Vi+ 2 1V, Vi- = OV, 
Vo = 5V 


Vit 2 1V, Vi- = OV, 
Vo = 30V 


Output Sink Current Vj- 2 1V, Vi+ = OV, 
Vo < 1.5V 


Large Signal Response V, = TTL Logic 
Time Swing, Vr_er = 1.4V, 
Vac = 5V, Ry, =5.1kQ 
Response Time 4 Vat =5V, RL =5.1kQ | Ta =25 


(Figures 3, 4) 
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CA139, CA139A, CA239, CA239A, CA339, CA339A, LM339, LM339A, LM2901, LM3302 


Typical Performance Curves 


Vic = 0V 
Ric = 10°92 
=z = 
E J 
Fa 
LJ Ww 
cc co 
a x 
=] = 
O oO 
= z 
YW) 
a SUPPLY VOLTAGE (V) POSITIVE SUPPLY VOLTAGE (V) 
FIGURE 1. SUPPLY CURRENT vs SUPPLY VOLTAGE FIGURE 2. INPUT CURRENT vs SUPPLY VOLTAGE 
= é 
z g 
: : 
S$ > n 
= 5 oc 
S Z o 
> <= 
< 
> S 5 oO 
= a s 
z 2 3 © 
< < S) 
a a 3 
fe) 
9 > 
= 2 
= 5 
a a 
] 
= u 3 
0 05 10 15 20 0 05 10 15 20 
TIME (1s) TIME (us) 
FIGURE 3. RESPONSE TIME FOR VARIOUS INPUT FIGURE 4. RESPONSE TIME FOR VARIOUS INPUT 
OVERDRIVES - NEGATIVE TRANSITION OVERDRIVES - POSITIVE TRANSITION 
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10°2 107! 10° 10! 102 
OUTPUT SINK CURRENT (mA) 


OUTPUT SATURATION VOLTAGE (V) 
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= 
Z 


FIGURE 5. OUTPUT SATURATION VOLTAGE vs OUTPUT SINK CURRENT 
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CA139, CA139A, CA239, CA239A, CA339, CA339A, LM339, LM339A, LM2901, LM3302 


Metallization Mask Layout 


NOTE: Dimensions in parentheses 
are in mm and are derived from the 
basic in. dimensions as indicated. Grid 
graduations are in mils (10° inch). 


F 


51-59 
(1.295 - 1.499) 


= 


£ 


ad |=— 4 - 10 (0.102 - 0.254) | 


————— §2 - 60 (1.321 - 1.524) ——_—____> 
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e=— | CA3098 


N ove mber | zoe ; _ alll ‘Du 


Features 
¢ Programmable Operating Current 

e Micropower Standby Dissipation 

e Direct Control of Currents Upto ............ 150mA 


e Low Input On/Off Current of Less Than 1nA for 
Programmable Bias Current of 1A 


Description 


The CA3098 Programmable Schmitt Trigger is a monolithic 
silicon integrated circuit designed to control high operating 
current loads such as thyristors, lamps, relays, etc. The 
CA3098 can be operated with either a single power supply 
with maximum operating voltage of 16V, or a dual power 
supply with maximum operating voltage of +8V. It can 
directly control currents up to 150mA and operates with 


© AEE Ene enemies Sonn Baran ara a vee microwatt standby power dissipation when the current to be 
' . controlled is less than 30mA. The CA3098 contains the 
Applications following major circuit function features (see Block Diagram): 


¢ Control of Relays, Heaters, LEDs, Lamps, Photosensitive 
Devices, Thyristors, Solenoids, etc. 


¢ Signal Reconditioning 


Phase and Frequency Modulators 
e On/Off Motor Switching 
Schmitt Triggers, Level Detectors 


¢ Time Delays 


Overvoltage, Overcurrent, Overtemperature Protection 
¢ Battery-Operated Equipment 


¢ Square and Triangular-Wave Generators 
Ordering Information 


PART TEMP 
NUMBER RANGE (°C) PACKAGE 


CA3098E -55 to 125 8 Ld PDIP 


1. Differential amplifiers and summer: the circuit uses two 
differential amplifiers, one to compare the input voltage 
with the “high” reference, and the other to compare the in- 
put with the “low” reference. The resultant output of the 
differential amplifiers actuates a summer circuit which de- 
livers a trigger that initiates a change in state of a flip-flop. 


2. Flip-flop: the flip-flop functions as a bistable “memory” el- 
ement that changes state in response to each trigger 
command. 


3. Driver and output stages: these stages permit the circuit 
to “sink” maximum peak load currents up to 150mA at 
terminal 3. 


4. Programmable operating current: the circuit incorporates 
access at terminal 2 to permit programming the desired 
quiescent operating current and performance parame- 
ters. 


Pinout Block Diagram 
PROGRAMMABLE 
BEI) BIAS CURRENT V4 
INPUT (Igias) 
TOP VIEW ee 
janine CONTROL 
IGH 
REF.(HR)| 2 for - + --- 0 --0+-6-0----- 
LOW REF. | 1| 18 | +IN 
Ibias | 21 HIGH REF. 
SIGNAL 
eae I Le INPUT ouTPUT” 
V- CURRENT 
ed Ed CONTROL 


—<+ 
COMPARATOR 


—_— — 4 


” 
oc 
2 
< 
< 
QO. 
= 
oO 
oO 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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CA3290, CA3290A 


BiMOS Dual Voltage Comparators 
with MOSFET Input, Bipolar Output 


November 1996 
Features 
e MOSFET Input Stage 
- Very High Input Impedance (Z;,)....... 1.7TQ (Typ) 
- Very Low Input Current at V+=5V..... 3.5pA (Typ) 


- Wide Common Mode Input Voltage Range (Vicr) 
Can Be Swung 1.5V (Typ) Below Negative Supply 
Voltage Rail 

Virtually Eliminates Errors Due to Flow of Input 
Currents 


¢ Output Voltage Compatible with TTL, DTL, ECL, MOS, 
and CMOS Logic Systems in Most Applications 


Applications 

e High Source Impedance Voltage Comparators 
¢ Long Time Delay Circuits 

¢ Square Wave Generators 

e A/D Converters 


¢ Window Comparators 


Pinouts CA3290/A (PDIP) 
TOP VIEW 
ourpur (A; [TE -—f a] vs 


Description 


The CA3290A and CA3290 types consist of a dual voltage 
comparator on a single monolithic chip. The common mode 
input voltage range includes ground even when operated 
from a single supply. The low supply current drain makes 
these comparators suitable for battery operation; their 
extremely low input currents allow their use in applications 
that employ sensors with extremely high source imped- 
ances. Package options are shown in the table below. 


Ordering Information 


L_winoen | nance | xcxace | ox0.no._ 
NUMBER RANGE (°C) 
foasesonet [S610 128 [vataPor [e143 


Schematic Diagram 


(ONLY ONE IS SHOWN) 


AS J rl cUTPuria , BIASING CIRCUIT , 
INV. INPUT (A,) thé Li (A2) FOR CURRENT 
NON-INV. INPUT (A;) =a) AY '6 |] INV. INPUT (A2) , CES : sped 
V- d/ Lote NON-INV. INPUT (A2) COMPARATOR NO. 1 V+@ NO. 2 
ea ere GS ee Be A 
CA3290A (PDIP) : I 
TOP VIEW ‘| ly I 7 . 
a HP an [an ¥[ Ou | : 
INV. INPUT (A,) | 1| 14] NC (NOTE) . beg 100A = 1 i 
, 50uA] 100uA] 50uA vy. | ' 
NON-INV. INPUT (A;) | 2] 13] NC (NOTE) Oo | \ 
(9) 
NC (NOTE) | 3) 12] OUTPUT (A;) 
D, D3 5 I 
V- Vv 1 l 
4 14) + D, 5 Q i 1 M%46 
NC (NOTE) | 5| 10] OUTPUT (A) 4 8) 1 I 
Q 1 1 
NON-INV. INPUT (A2) | 6 9 | NC (NOTE) . ! Os 1 r 
+V 
INV. INPUT (A2) |8 | NC (NOTE) 
. 1 I 
NOTE: Tie to GND or V+ for best Input/Output Isolation. “V ~~ Q; 1 1 
CA3290A, CA3290 (METAL CAN) Ls 
TOP VIEW 1 1 
1 : 
1 1 
(8) i i 
OUTPUT (A;) “A ve (Ao) I ; 
INV. INPUT (Aj) Ad (6) INV. INPUT (Az) , 
a J © v- : 
NON-INV. INPUT (A1) (3) a (5) NON-INV. INPUT (A.) 
V- 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 049.2 
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CA3290, CA3290A 


Absolute Maximum Ratings 


Supply Voltage 
Se BODO 6 ny xuwetds ewaweee eeeeondae ten eves oun +36V 
CE Ns 2674 0d nde nde Kee aese we ones exaadneteed ea +18V 
Differential Input Voltage................. 36V or [(V+ - V-) +5V] 
(whichever is less) 
DC Input Voltage ........... 0. eee ee eee V+ +5V to V- -5V 
Output to V- Short Circuit Duration (Note 1).......... Continuous 
Pt ONG osc Boece hee ee Ca wkkos Cueo seeder eneadswes imA 
Operating Conditions 
Temperature Range ............. 0.0. e eee eee -55 to 125°C 


Thermal Information 


Thermal Resistance (Typical, Note 2) Biya (CCIW) Bye (°C/W) 


14 Lead PDIP Package . ic icsavenses 100 N/A 

8 Lead PDIP Package............. 120 N/A 

8 Pin Metal Can Package .......... 155 67 
Maximum Junction Temperature (Can).................. 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Short circuits from the output to V+ can cause excessive heating and eventual destruction of the device. 


2. 85a is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications _ v- = OV, Unless Otherwise Specified 


PARAMETER SYMBOL | TEST CONDITIONS 


Input Offset Voltage 


V+ = +15V, V- =-15V 


row Coefficient | AV\o/AT 
of row Offset Voltage 


Input Offset Current 


Vom = 1.4V, 
V+=5V 


Vom = OV, 
V+ = +15V, V- =-15V 
Input Current | Vom = 1.4V, 
V+=5V 
Vom = OV, 
V+ = +15V, V- =-15V 


Vom = 1.4V, 
V+ =5V 


Vom = OV, 
V+ = +15V, V- =-15V 


TEMP 
(°C) 

Vom = = Vo= = 1 AV, Full 
V+=5V 
Vom = Vo = OV, Full 
V+ = +15V, V- =-15V 
Vom = Vo = 1.4V, 
V+ =5V 

Vous 1AV, Ve 2 BV 


Vom = OV, V+= +15V, Full 
\V- = -15V 


CA3290A CA3290 


a 


UNITS 
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CA3290, CA3290A 


Electrical Specifications — v- = OV, Unless Otherwise Specified (Continued) 


PARAMETER 


Supply Current 


EEE! Pete pet 
acces [= P| os [a 
R, =~, V+ = 30V 


Voltage Gain oe Ry = 15kQ, V+ =+15V, 


—_ 
ra) 
on 


V- =-15V 


io) 
Ww 


foe) 
io) 
oO 


R, = 15kQ, 
V+ = +15V, V- = -15V 


Saturation Voltage Vsat Isink = 4mA, V+ = 5V, 
+V, = OV, -Vi = =1V 
IsinkK = = 4mA, V+=5V, 
+V) = OV, -V\ = =1V 
Isink = 4mA, V+= 5V, 
+V\ = OV, -V\ = =1V 

Output Leakage Current 
V+ = 36V 

Common Mode Input Vicr Vo = 1.4V, V+ = 5V V+-3.1 

Voltage Range V- -1.5 
Vo = OV, V+- + 8 - : 
V+=+15V, V- =-15V 


Common Mode CMRR V+ =4+15V, V- =-15V 
Rejection Ratio 
V+ =5V 


Power Supply Rejection 
Ratio 


=e 
art 
jee) 


o}yj——)— oOo oO 
oOo;ro}] Ww ae ine) 
oOo;Troto ine) ie) 


V+-3.1 
V- -1.5 


Response Time Rising 
Edge 


Large Signal Response R, = 5.1kQ, V+ = 15V 
Time 
} RL = 5.1k0, V+ = 5V_| = 5.1kQ, V+ = } RL = 5.1k0, V+ = 5V_| 


wo ik (=) oo 
BACCO CODON 


io ine) — 
om ia) je) oO 
oO}; Oo oO oO 
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CA3290, CA3290A 


Test Circuits and Waveforms 


Cc = 2pF 


WITH Cc. WITHOUT Cc 
Top Trace = 4.5mV/Div. = Vin Top Trace = 4.5mV/Div. 
Bottom Trace = 10V/Div. = Voyr Bottom Trace = 10V/Div. 
Time Scale = 5ys/Div. Time Scale = 5ys/Div. 


FIGURE 1. PARASITIC OSCILLATIONS TEST CIRCUIT AND WAVEFORMS 


INPUT INPUT 
OVERDRIVE OVERDRIVE 
+#15V GND —> GND —> 
” 
a a 
O 
1K 5.1K E 
c 
INPUT = 
‘ 
OUTPU = 
1K O 
O 
=_ 100mvV 20mV 5mV 5mV 20mV  —s-:100mvV 
OVERDRIVE OVERDRIVE OVERDRIVE OVERDRIVE OVERDRIVE OVERDRIVE 
FIGURE 2. NON-INVERTING COMPARATOR RESPONSE TIME TEST CIRCUIT AND WAVEFORMS 
GND —> = GND —> 
+15V entre INPUT 
rieeancnne OVERDRIVE 
1K 5.1K : 
INPUT : Sc a 
OUTPUT f ' \ 
1K Va f \ 
5mV 20mV 100mV 100mV —_ 20mV SmvV 
— = OVERDRIVE OVERDRIVE OVERDRIVE OVERDRIVE OVERDRIVE OVERDRIVE 


FIGURE 3. INVERTING COMPARATOR RESPONSE TIME TEST CIRCUIT AND WAVEFORMS 
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CA3290, CA3290A 


Circuit Description 
The Basic Comparator 


Figure 4 shows the basic circuit diagram for one of the two 
comparators in the CA3290. It is generically similar to the 
industry type “139” comparators, with PMOS transistors 
replacing PNP transistors as input stage elements. Transistors 
Q, through Q, comprise the differential input stage, with Qs 
and Q¢ serving as a mirror connected active load and differen- 
tial-to-single-ended converter. The differential input at Q, and 
Q, is amplified so as to toggle Qg, in accordance with the input 
signal polarity. For example, if +Viy is greater than -Viny, Qy, 
Qs, and current mirror transistors Qs and Qg will be turned off; 
Transistors Q3, Q4, and Q7 will be turned on, causing Qg to be 
turned off. The output is pulled positive when a load resistor is 
connected between the output and V+. 


In essence, Q; and Q, function as source followers to drive 
Q», and Qs, respectively, with zener diodes D, through D4 
providing gate oxide protection against input voltage 
transients (e.g., static electricity). The current flow in Q,; and 
Q, is established at approximately 50,A by constant current 
sources |; and lg, respectively. Since Q,; and Q, are 
operated with a constant current load, their gate-to-source 
voltage drops will be effectively constant as long as the input 
voltages are within the common-mode range. 


As a result, the input offset voltage (Vgsq1) + VBE(@z2) - 
VBe(a3) ~- Vasaay) will not be degraded when a large 
differential DC voltage is applied to the device for extended 
periods of time at high temperatures. 


Additional voltage gain following the first stage is provided by 
transistors Q7 and Qg. The collector of Qg is open, offering 
the user a wide variety of options in applications. An 
additional discrete transistor can be added if it becomes 
necessary to boost the output sink current capability. 


The detailed schematic diagram for one comparator and the 
common current source biasing is shown on the front page. 
PMOS transistors Qg through Q;5 are the current source ele- 
ments identified in Figure 4 as |, through |4, respectively. Their 
gate source potentials (Vgs) are supplied by a common bus 
from the biasing circuit shown in the right hand portion of the 
Schematic Diagram. The currents supplied by Qj) and Qyo 
are twice those supplied by Qg and Q;,. The transistor geom- 
etries are appropriately scaled to provide the requisite cur- 
rents with common V¢g applied to Qg through Q;>. 


FIGURE 4. BASIC CIRCUIT DIAGRAM FOR ONE OF THE TWO 
COMPARATORS 


Operating Considerations 


Input Circuit 


The use of MOS transistors in the input stage of the CA3290 
series circuits provides the user with the following features 
for comparator applications: 


1. Ultra high input impedance (=1.7TQ); 


2. The availability of common mode rejection for input signals 
at potentials below that of the negative power supply rail; 


3. Retention of the in phase relationship of the input and out- 
put signals for input signals below the negative rail. 


Although the CA3290 employs rugged bipolar (zener) diodes 
for protection of the input circuit, the input terminal currents 
should not exceed 1mA. Appropriate series connected limit- 
ing resistors should be used in circuits where greater current 
flows might exist, allowing the signal input voltage to be 
greater than the supply voltage without damaging the circuit. 


Output Circuit 


The output of the CA3290 is the open collector of an n-p-n 
transistor, a feature providing flexibility in a broad range of 
comparator applications. An output ORing function can be 
implemented by parallel connection of the open collectors. 
An output pull-up resistor can be connected to a power 
supply having a voltage range within the rating of the 
particular CA3290 in use; the magnitude of this voltage may 
be set at a value which is independent of that applied to the 
V+ terminal of the CA3290. 


Parasitic Oscillations 


The ideal comparator has, among other features, ultra high 
input impedance, high gain, and wide bandwidth. These 
desirable characteristics may, however, produce parasitic 
oscillations unless certain precautions are observed to 
minimize the stray capacitive coupling between the input and 
output terminals. Parasitic oscillations manifest themselves 
during the output voltage transition intervals as the 
comparator switches states. For high source impedances, 
stray capacitance can induce parasitic oscillations. The 
addition of a small amount (1mV to 10mV) of positive 
feedback (hysteresis) produces a faster transition, thereby 
reducing the likelihood of parasitic oscillations. Furthermore, 
if the input signal is a pulse waveform, with relatively rapid 
rise and fall times, parasitic tendencies are reduced. 


When dual comparators, like the CA3290, are packaged in 
an 8 lead configuration, the output terminal of each 
comparator is adjacent to an input terminal. The lead-to-lead 
Capacitance is approximately 1pF, which may be sufficient to 
Cause undesirable feedback effects in certain applications. 
Circuit factors such as impedance levels, supply voltage, 
switching rate, etc., may increase the possibility of parasitic 
oscillations. To minimize this potential oscillatory condition, it 
is recommended that for source impedances greater than 
1kQ a capacitor (2=1pF - 2pF) be connected between the 
appropriate input terminal and the output terminal. (See 
Figure 1.) 


CA3290, CA3290A 


The CA3290A is also supplied in a 14 lead dual-in-line 
plastic package. To minimize the possibility of parasitic 
oscillations the input and output terminals are positioned on 
opposite sides of the package. In addition, there are two 
leads between the output terminal of each comparator and 
its corresponding inverting input terminal, reducing the 
input/output coupling significantly. These leads (8, 9, 13, 14) 
should be tied to either the V+ or V- supply rail. If either 
comparator is unused, its input terminals should also be tied 
to either the V+ or V- supply rail. 


Typical Applications 
Light Controlled One-Shot Timer 


In Figure 5 one comparator (Aj) of the CA3290 is used to 
sense a change in photo diode current. The other compara- 
tor (Ap) is configured as a one-shot timer and is triggered by 
the output of A;. The output of the circuit will switch to a low 
state for approximately 60 seconds after the light source to 
the photo diode has been interrupted. The circuit operates at 
normal room lighting levels. The sensitivity of the circuit may 
be adjusted by changing the values of R; and Ro. The ratio 
of R; to Ry should be constant to insure constant reverse 
voltage bias on the photo diode. 


Ry 1.5MQ 


\ 9 +15V +15V 


+ 


CA3290 


X 60s TIME 


FIGURE 5. LIGHT CONTROLLED ONE-SHOT TIMER 


Low-Frequency Multivibrator 


In this application, one half of the CA3290 is used as a 
conventional multivibrator circuit. Because of the extremely 
high input impedance of this device, large values of timing 
resistor (R;) may be used for long time delays with relatively 
small leakage timing capacitors. The second half of the 
CA3290 is used as an output buffer to insure that the 
multivibrator frequency will not be affected by output loading. 
Rp is the parallel combination of the two 1MQ resistors con- 
nected between +15V and GND. 


+15V 


1MQ 


t = Period = 10s 


2Rp 


FIGURE 6. LOW FREQUENCY MULTIVIBRATOR 


Window Comparator 


Both halves of the CA3290 can be used in a high input 
impedance window comparator as shown in Figure 7. The 
LED will be turned “on” whenever the input signal is above 
the lower limit (V.) but below the upper limit (Vy), as 
determined by the R,/Ro/R; resistor divider. 


+15V 


LED 


67022 


2N2102 


FIGURE 7. WINDOW COMPARATOR 
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Typical Performance Curves 


SUPPLY CURRENT (mA) 


10 15 25 30 35 40 


20 
TOTAL SUPPLY VOLTAGE (V) 


FIGURE 8. SUPPLY CURRENT vs SUPPLY VOLTAGE (BOTH 
AMPLIFIERS) 


Ty = 25°C 
V+ = +5V, V- = GND 


INPUT CURRENT (pA) 


1.0 2.0 3.0 


CA3290, CA3290A 


INPUT CURRENT (pA) 


INPUT EXCURSIONS FROM V+ TERMINAL (V) 


INPUT COMMON MODE VOLTAGE (V) 


FIGURE 10. INPUT CURRENT vs INPUT COMMON 
VOLTAGE 


INPUT EXCURSIONS FROM V- TERMINAL (V) 


15 


20 
NEGATIVE SUPPLY VOLTAGE (V) 


25 30 35 


FIGURE 12. NEGATIVE COMMON MODE INPUT VOLTAGE 


RANGE vs SUPPLY VOLTAGE 


MODE 


INPUT CURRENT (pA) 


40 
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FIGURE 9. 


FIGURE 11. 


INPUT COMMON MODE VOLTAGE “s 


INPUT CURRENT vs INPUT COMMON MODE 
VOLTAGE 


10 15 20 25 
POSITIVE SUPPLY VOLTAGE (V) 


POSITIVE COMMON MODE INPUT VOLTAGE 
RANGE vs SUPPLY VOLTAGE 


V+ = +15V, V- =-15V 


v= 15V 
“1 AZ 


TEMPERATURE (°C) 


FIGURE 13. INPUT CURRENT vs TEMPERATURE 


CA3290, CA3290A 
Typical Performance Curves (Continued) 


10V 


_— 
< 


100mV 


10mV 


OUTPUT SATURATION VOLTAGE 


10yA 100A imA 10mA 
OUTPUT SINK CURRENT 


FIGURE 14. OUTPUT SATURATION VOLTAGE vs OUTPUT SINK CURRENT 


Metallization Mask Layout 


The photographs and dimensions of each chip represent a chip 
when it is part of the wafer. When the wafer is cut into chips, the 
cleavage angles are 57° instead of 90° with respect to the face of 
the chip. Therefore, the isolated chip is actually 7mils (0.17mm) 
larger in both dimensions. 


COMPARATORS 


87 - 95 
(2.210 - 2.403) 


Dimensions in parentheses are in millimeters and are derived from 
the basic inch dimensions as indicated. Grid graduations are in mils 
(10°3 inch) 


NOTE: Numbers in pads are for 8 lead DIP and TO-5 Can and 
numbers outside of chip are for 14 lead DIP. 


1 
(0.102 - 0.254) 


50-58 
(1.270 - 1.473) 
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tt HARRIS HA-4900, HA-4902, 
SEMICONDUCTOR HA-4905 


November 1996 Precision Quad Comparators 


Features Description 


Fast Response Time The HA-4900 series are monolithic, quad, precision compar- 
Low Offset Voltage...........0.ecceceeeeaee 2.0mvV ators offering fast response time, low offset voltage, low off- 
set current and virtually no channel-to-channel crosstalk for 
applications requiring accurate, high speed, signal level 
Single or Dual Voltage Supply Operation detection. These comparators can sense signals at ground 
Selectable Output Logic Levels level while being operated from either a single +5V supply 
Active Pull-Up/Pull-Down Output Circuit. No External _ (digital systems) or from dual supplies (analog networks) up 
Resistors Required to +15V. The HA-4900 series contains a unique current 
driven output stage which can be connected to logic system 
Applications supplies (Viogict and Viogic-) to make the output levels 
directly compatible (no external components needed) with 
¢ Threshold Detector any standard logic or special system logic levels. In 
¢ Zero Crossing Detector combination analog/digital systems, the design employed in 
the HA-4900 series input and output stages prevents 
troublesome ground coupling of signals between analog and 
digital portions of the system. 


Low Offset Current 


e Window Detector 
e Analog Interfaces for Microprocessors 
¢ High Stability Oscillators 


These comparators’ combination of features make them 
e Logic System Interfaces 


ideal components for signal detection and processing in data 


. . acquisition systems, test equipment and microproces- 
Ordering Information sor/analog signal interface networks. 


PART TEMP RANGE For military grade product, refer to the HA-4902/883 data 
NUMBER (°C) sheet. 


HA1-4900-2 -55 to 125 16 Ld CERDIP | F16.3 
HA1-4902-2 -55 to 125 16 Ld CERDIP | F16.3 


HA1-4905-5 0 to 75 16 Ld CERDIP | F16.3 
HA3-4905-5 0 to 75 16 Ld PDIP E16.3 


Pinouts 
HA-4900, HA-4902 (CERDIP) HA-4905 
HA-4905 (PDIP, CERDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2855 2 
Copyright © Harris Corporation 1996 4-18 


HA-4900, HA-4902, HA-4905 


Absolute Maximum Ratings 


Supply Voltage (Between V+ and V- Terminals)............. 33V 
Direrential Npul VONAGE. so. .s2cnewead ev sanweas ews neaens 15V 
Voltage Between Vi ogict aNd Viogic= .-- +. eee eee 18V 
CRI IUGR pera dy iuetasy nsuweseinrégdv dp heen ws 50mA 


Power Dissipation (Notes 1, 2) 


Operating Conditions 


Temperature Range 
FIA-4900-2, HA4902-2 5 cscicciwntanccawnse vs -55°C to 125°C 
i ea aoe earner 0°C to 75°C 


Thermal Information 


Thermal Resistance (Typical, Note 3) Qa (°C/W) By (CC/W) 


CERDIP PACKAQG <i oxi sssu cess as 85 25 
PDIP PECKAOS «6.2 cicanewnxeneens 90 N/A 
SOIC PACKAGG. cvcscdn ctw sanene wa 100 N/A 
PLUG PAGKAGS «i bcsiccodvswncanss 75 N/A 
Maximum Junction Temperature (Ceramic Package) ....... 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(PLCC and SOIC - Lead Tips Only) 


Die Characteristics 


BSGk Sie POIGNUE 5 vcc acc d wiagasdcetecankaw axes deeui \- 
Number of Transistors ..............0 00 cece eee ee eeeee 137 
PO TI28 ohn k ck ka waban bunny baeweds pwede 95 mils x 105 mils 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Maximum power dissipation, including output load, must be designed to maintain the junction temperature below 175°C for ceramic 


packages, and below 150°C for plastic packages. 


2. Total Power Dissipation (T.P.D.) is the sum of individual dissipation contributions of V+, V- and Vioaic shown in curves of Power Dissi- 
pation vs Supply Voltages (see Performance Curves). The calculated T.P.D. is then located on the graph of Maximum Allowable Package 
Dissipation vs Ambient Temperature to determine ambient temperature operating limits imposed by the calculated T.P.D. (See 
Performance Curves). For instance, the combination of +15V, -15V, +5V, OV (V+, V-, Viogict, VLoaic-) gives a T.P.D. of 350mW, the 


combination +15V, -15V, +15V, OV gives a T.P.D. of 450mW. 


3. 6ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +15V, Viogict = 5V, Viogic- = GND 


INPUT CHARACTERISTICS 
Offset Voltage (Note 4) 


Offset Current 


Response Time (tpp(1)) 25 180 
(Note 7) 


HA-4900-2 HA-4902-2 HA-4905-5 
-55°C to 125°C -55°C to 125°C 0°C to 75°C 
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COMPARATORS 


HA-4900, HA-4902, HA-4905 


Electrical Specifications Vsuppty = £15V, Viogict = 5V. VLocgic- = GND (Continued) 


HA-4900-2 HA-4902-2 HA-4905-5 
TEMP -55°C to 125°C -55°C to 125°C 0°C to 75°C 


OUTPUT CHARACTERISTICS 


Logic “High State” (Voy) 


Full 
(Note 8) 
Output Current 
Isink Full 3.0 
rao p30} | | 


Isounce 


POWER SUPPLY CHARACTERISTICS 


Output Voltage Level 


Logic “Low State” (Vo,) 
(Note 8) 


3 
> 


wo} ow 
oe io) 
> 


3 
> 


Supply Current, Ips (+ 


| 
Supply Current, Ips (-) | = | 
ee 


Supply Current, Ips (Logic) 


Supply Voltage Range 
Viogict (Note 2) Full 


Vico Nee 
NOTES: 


4. Minimum differential input voltage required to ensure a defined output state. 


5. Input bias currents are essentially constant with differential input voltages up to +9V. With differential input voltages from +9V to +15V, 
bias current on the more negative input can rise to approximately 500y/A. This will also cause higher supply currents. 


3 
> 


+15.0 +15.0 


3 


6. Vom = OV. Input sensitivity is the worst case minimum differential input voltage required to guarantee a given output logic state. This 
parameter includes the effects of offset voltage and voltage gain. 


7. For tpp(1); 100mvV input step, -10mV overdrive. For tpp(0); -100mV input step, 10mV overdrive. Frequency = 100Hz; Duty Cycle = 50%; 
Inverting input driven. See Figure 1 for Test Circuit. All unused inverting inputs tied to +5V. 


8. For Vou and VoL: Isink = IsouRCE = 3.0mA. For other values of Vioaic: Vou (Min) = Vioaic +-1.5V. 


Test Circuit and Waveform 


+15V 
* 5V 
*% tpp(0) tpp(1) 


OVERDRIVE 


© Vout 


-15V 


OUTPUT 
1.5V 


—+| tpp(0) 
t=0 


FIGURE 1. 
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HA-4900, HA-4902, HA-4905 


Schematic Diagram 


200k 


R2 
13kQ sane 


O13 Or pd dAs 


LF s™ 


: ae 


ONE FOURTH ONLY V- 


Applying the HA-4900 Series Comparators 


Supply Connections 


This device is exceptionally versatile in working with most avail- 
able power supplies. The voltage applied to the V+ and V- ter- 
minals determines the allowable input signal range; while the 
voltage applied to the V,+ and V,- determines the output 
swing. In systems where dual analog supplies are available, 
these would be connected to V+ and V-, while the logic supply 
and return would be connected to Vi ogict and Viogic-. The 
analog and logic supply commons can be connected together 
at one point in the system, since the comparator is immune to 
noise on the logic supply ground. A negative output swing may 
be obtained by connecting V+ to ground and V, - to a negative 
supply. Bipolar output swings (15Vp.p, Max) may be obtained 
using dual supplies. In systems where only a single logic supply 
is available (+5V to 15V), V+ and Viqgic+ may be connected 
together to the positive supply while V- and Viggic- are 
grounded. If an input signal could swing negative with respect 
the V- terminal, a resistor should be connected in series with 
the input to limit input current to < 5mA since the C-B junction of 
the input transistor would be forward biased. 


Unused Inputs 


Inputs of unused comparator sections should be tied to a dif- 
ferential voltage source to prevent output “chatter.” 


Crosstalk 


Simultaneous high frequency operation of all other channels 
in the package will not affect the output logic state of a given 
channel, provided that its differential input voltage is suffi- 
cient to define a given logic state (AVjjy 2 +Vog). Low level or 
high impedance input lines should be shielded from other 
signal sources to reduce crosstalk and interference. 


Power Supply Decoupling 


Decouple all power supply lines with 0.01L,.F ceramic capacitors 
to ground line located near the package to reduce coupling 
between channels or from external sources. 


Response Time 


Fast rise time (<200ns) input pulses of several volts ampli- 
tude may result in delay times somewhat longer than those 
illustrated for 100mV steps. Operating speed is optimized by 
limiting the maximum differential input voltage applied, with 
resistor-diode clamping networks. 


Typical Applications 
Data Acquisition System 


In this circuit the HA-4900 series is used in conjunction with 
a D to A converter to form a simple, versatile, multi-channel 
analog input for a data acquisition system. In operation the 
processor first sends an address to the D to A, then the 
processor reads the digital word generated by the compara- 
tor outputs. To perform a simple comparison, the processor 
sets the D to A to a given reference level, then examines one 
or more comparator outputs to determine if their inputs are 
above or below the reference. A window comparison 
consists of two such cycles with 2 reference levels set by the 
D to A. One way to digitize the inputs would be for the 
processor to increment the D to A in steps. The D to A 
address, as each comparator switches, is the digitized level 
of the input. While stairstepping the D to A is slower than 
successive approximation, all channels are digitized during 
one staircase ramp. 
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HA-4900, HA-4902, HA-4905 


MEMORY 


ANALOG 
INPUTS 
INTERFACE 


MICRO- 
PROCESSOR 


ANALOG INPUT MODULE PROCESSOR 


Logic Level Translators 


The HA-4900 series comparators can be used as versatile 
logic interface devices as shown in the circuits above. 
Negative logic devices may also be _ interfaced with 
appropriate supply connections. If separate supplies are 
used for V- and Viogic-, these logic level translators will 
tolerate several volts of ground line differential noise. 


+5.0V V+ 
, +5V TO +15V ¥ 


TTL TO CMOS CMOS TO TTL 


RS-232 To CMOS Line Receiver 


This RS-232 type line receiver to drive CMOS logic uses a 
Schmitt trigger feedback network to give about 1V input hys- 
teresis for added noise immunity. A possible problem in an 
interface which connects two equipments, each plugged into 
a different AC receptacle, is that the power line voltage may 
appear at the receiver input when the interface connection is 
made or broken. The two diodes and a 3W input resistor will 
protect the inputs under these conditions. 


9+10V 


1N4001s 


Window Detector 


The high switching speed, low offset current and low offset 
voltage of the HA-4900 series makes this window detector 
circuit extremely well suited to applications requiring fast, 
accurate, decision-making. The circuit above is ideal for 
industrial process system feedback controllers or “out-of- 


limit” alarm indicators. 
+15V 


Vi+ 


INPUT oc 
5 HIGH 
HIGH REF ¢ 


IN 
~ WINDOW 


1/4 HD-74C02 


LOW REF c¢ 
> LOW 


Oscillator/Clock Generator 


This self-starting fixed frequency oscillator circuit gives 
excellent frequency stability. R; and C, comprise the 
frequency determining network while Ro provides the 
regenerative feedback. Diode D, enhances the stability by 
compensating for the difference between Voy and Vsuppty- 
In applications where a precision clock generator up to 
100kHz is required, such as in automatic test equipment, C, 
may be replaced by a crystal. 


150kQ 


Cy 


Tee 


Schmitt Trigger (Zero Crossing Detector With Hysteresis) 


This circuit has a 100mV hysteresis which can be used in 
applications where very fast transition times are required at 
the output even though the signal input is very slow. The 
hysteresis loop also reduces false triggering due to noise on 
the input. The waveforms below show the trip points 
developed by the hysteresis loop. 
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HA-4900, HA-4902, HA-4905 


INPUT TO OUTPUT WAVEFORM SHOWING HYSTERESIS TRIP 
POINTS 


Typical Performance Curves 1, = 25°C, Vs = +15V, Viogict = 5V, Vioaic- = OV, Unless Otherwise Specified 
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TEMPERATURE (°C) TEMPERATURE (°C) 
FIGURE 2. INPUT BIAS CURRENT vs TEMPERATURE FIGURE 3. INPUT OFFSET CURRENT vs TEMPERATURE 


INPUT BIAS CURRENT (nA) 


COMMON MODE INPUT VOLTAGE 


FIGURE 4. INPUT BIAS CURRENT vs COMMON MODE INPUT VOLTAGE (Vpjer = OV) 
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HA-4900, HA-4902, HA-4905 


Typical Performance Curves 1, = 25°C, Vs = +15V, Viogict = 5V, Viogic: = OV, Unless Otherwise Specified (Continued) 


Ipsl, Vour = H 


Viogict = 5V 


SUPPLY CURRENT (mA) 
SUPPLY CURRENT (mA) 


-50 -25 0 25 75 10 125 
TEMPERATURE — TEMPERATURE he 


FIGURE 5. SUPPLY CURRENT vs TEMPERATURE (FOR +15V FIGURE 6. SUPPLY CURRENT vs TEMPERATURE (FOR SINGLE 
SUPPLIES AND +5V LOGIC SUPPLY) +5V OPERATION) 


OVERDRIVE = 20mV 


= _— OVERDRIVE = 5mV 5 
: E aa 
Ls 
= OVERDRIVE = 2mV 
+100mV - 
; : _ 
: ° ea 
-100mV 
PE tT tT tt tT TTT TT TT 


0 100 200 300 400 
TIME (ns) TIME (ns) 


FIGURE 7. RESPONSE TIME FOR VARIOUS INPUT OVERDRIVES 


PACKAGE DISSIPATION (W) 
POWER DISSIPATION (mW) 


0 2 4 6 8 10 12 14 
TEMPERATURE (°c) SUPPLY VOLTAGE (V) 
FIGURE 8. MAXIMUM PACKAGE DISSIPATION vs AMBIENT FIGURE 9. POWER DISSIPATION vs SUPPLY VOLTAGE (NO 
TEMPERATURE LOAD CONDITION) 
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SAMPLE AND HOLD AMPLIFIER DATA SHEETS 


HA-2420, HA-2425 
HA-5320 

HA-5330 

HA-5340 

HA5351 


2208S SAMpie GANG HG AMDINIGIS .2.<0cce0ecnere nese eee eseneeecaeeseeare ee nea wen 
ips Precision Sample and Hold AMpMNGl sos cavcekcwteckcewinveuaweancev enw naw eee wus 
650ns Precision Sample and Hold Amplifier... ......2..000cece eee sedsnen tees benenens 
700ns, Low Distortion, Precision Sample and Hold Amplifier................ 0.200000 eee 


G4ns Sample and HOM AMPIMGS... 6c cack ac ceceeeeeneeesaeecacesserecersareeeees 
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SAMPLE/ HOLD 


AMPLIFIERS 


Selection Guide 


(NOTE 1) ACQUISITION GAIN 
LEAD COUNT AND TIME HOLD STEP | APERTURE | BANDWIDTH 
PACKAGE TYPE (TO 0.01%) PRODUCT 


SAMPLE AND HOLD AMPLIFIERS: Typical Values at 25°C, Unless Otherwise Specified 
SAMPLE/HOLD 


TYPE TYPE 


HA1-2420-2 External Hold 
Cap, Low Cost 

HA1-2425-5 

HA3-2425-5 


2.5MHz 
(Cy = 1000pF) 


-55 to 125 14 CERDIP 3.2us 10mV 30ns 


0 to 75 14 CERDIP 


0 to 75 14 PDIP 


0 to 75 20 PLCC 


HA4P2425-5 
0 to 75 14 SOIC 


HA9P2425-5 


-55 to 125 14 CERDIP 


1s ImV 
(Cy = Internal) 


HA1-5320-2 High Speed, 
Low Charge, 
HA1-5320-5 Transfer, Precision, 
Includes Hold 
HA1-5320/883 Capacitor 
HA3-5320-5 
HA4-5320/883 
HA9P5320-5 
HA9P5320-9 


HA1-5330-5 Very High Speed, 
Precision, 


0 to 75 14 CERDIP 


-55 to 125 14 CERDIP 
0 to 75 14 PDIP 
20 CLCC 
0 to 75 16 SOIC (300 mil) 


-40 to 85 


16 SOIC (300 mil) 


14 CERDIP 0.5mV 4.5MHz 
14 CERDIP 
14 CERDIP 
14 CERDIP 
14 PDIP 
20:CLOC 
14 CERDIP 700ns 15mV 15ns 10MHz 
14 CERDIP 
14 CERDIP 
14 PDIP 
14 PDIP 
20 CLCC 
16 SOIC (300 mil) 


7 _ - -_ - 


0 to 75 


-25 to 85 


Monolithic, 
Includes Hold 
Capacitor 


HA4-5340/883 


-55 to 125 


-55 to 125 


0 to 75 


-55 to 125 


High Speed, 0 to 75 
Low Distortion, 
Includes Hold 


Capacitor 


-40 to 85 


-55 to 125 


0 to 75 


-40 to 85 


HA9P5340-5 


HA5351IP 


HA53511B 


NOTE: 
1. See Linear Package Selection Guide in Section 11. 


0 to 75 


Ultra High Speed 
and Low Power, 
Includes Hold 
Capacitor, 
Low Pin Count 


-40 to 85 


-40 to 85 8 SOIC 
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Gg HARRIS HA-2420, HA-2425 


November 1996 3.2uS Sample and Hold Amplifiers 


Features Description 


¢ Maximum Acquisition Time The HA-2420 and HA-2425 is a monolithic circuit consisting 
- 10V Step to 0.1% 4us (Max) _ of a high performance operational amplifier with its output in 
- 10V Step to 0.01% 6us (Max) series with an ultra-low leakage analog switch and JFET 


' lifier. 
Low Droop Rate (Cy, = 1000pF) 5uV/ms (Typ) APPL by gall ample 
Gain Bandwidth Product 2.5MHz (Typ) With an external hold capacitor connected to the switch output, 
; . a versatile, high performance sample-and-hold or track-and- 
Low Effective Aperture Delay Time 30ns (TYP) hold circuit is formed. When the switch is closed, the device 
TTL Compatible Control Input behaves as an operational amplifier, and any of the standard op 
+12V to +15V Operation amp feedback networks may be connected around the device 
to control gain, frequency response, etc. When the switch is 
opened the output will remain at its last level. 


Applications 


Performance as a sample-and-hold compares very favorably 

* 12-Bit Data Acquisition with other monolithic, hybrid, modular, and discrete circuits. 
Digital to Analog Deglitcher Accuracy to better than 0.01% is achievable over the 
temperature range. Fast acquisition is coupled with superior 


RuIG 2ore ay atone droop characteristics, even at high temperatures. High slew 


Peak Detector rate, wide bandwidth, and low acquisition time produce 
Gated Operational Amplifier excellent dynamic characteristics. The ability to operate at 
gains greater than 1 frequently eliminates the need for 
Ordering Information external scaling amplifiers. a 
; ; ; =! 
TEMP The device may also be used as a versatile operational Oo 2 
m og: . - ° — TT 
rarrnowsen [raneec)| excrnce | ‘o._| anpler ila nied up or arian auch acanacs | | 8 
- - = ’ ’ . : = 
niente 1s be GER please see Application Note AN517. ao o. 
HA1-2425-5 14 Ld CERDIP . ss 
The MIL-STD-883 data sheet for this device is available on q< 
request. 


0to75 |20LdPLCC N20.35 
14Ld SOIC M14.15 


HA-2420 (CERDIP) HA-2425 
HA-2425 (CERDIP, PDIP, SOIC) 
TOP VIEW 


4] S/H CONTROL 


OFFSET ADy. [3] 


OFFSET ADy. [4] 
6] HOLD CAP. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2 856.2 
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Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- Terminals. ........-...0..005 40V Thermal Resistance (Typical, Note 1) Byn (CCIW) 8yc (CCW) 
Differential Input VOUAOG. «os ccc whee ceadcecexuvesaneerees 24V CERDIP Package .........ssseesue% 90 35 
Digital Input Voltage (Sample and Hold Pin) .......... +8V, -15V PDIP FACKAOG «icc ccarscdcnnr anaes 100 N/A 
CUMIUT CUITGME vsicaccacce cneweacaendwn Short Circuit Protected PLOC PAGKAGG <0. cers cde seer ee een 75 N/A 
PS PACKANGs .ccce wis akensiaw een 120 N/A 
Operating Conditions Maximum Junction Temperature (Ceramic Packages) ....... 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Temperature Range ‘ o. Maximum Storage Temperature Range ......... -65°C to 150°C 
Lager Pete eee ae ene e ee enen nn eeeeee es bets ae Maximum Lead Temperature (Soldering 10s)............. 300°C 
Pepe tenner eee t eee terete (PLCC and SOIC - Lead Tips Only) 
Supply Voltage Range (Typical) ................. +12V to +15V 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. @ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Test Conditions (Unless Otherwise Specified) Vgyppiy = +15.0V; Cy = 1000pF; Digital Input: Vj_ = +0.8V 
(Sample), Vjy = +2.0V (Hold), Unity Gain Configuration (Output tied to Negative Input) 


ec) [win] TP | wax | MN | TYP | MAX | UNITS 


PARAMETER 
INPUT CHARACTERISTICS 


[nputVohage Range ———SC*dSSC‘~‘“‘<~CSt~*rCSS OT | dO] Cd 
ee 
SS GN OR OO 
NEE SRN a Rew mg es eee oe A 
Se I EN 
cee Smee ek heat Sa 8 se as 
a 
fnputRewwtance ———SSCSC~sCOC‘“‘CSSSC*r Ps PT Pl | | (Pll 


TRANSFER CHARACTERISTICS 


Ps.) 7s] os] Taw 
BZ 
Hold Mode Feedthrough Attenuation pp ep a -76 a ie 
(Note 2) 


OUTPUT CHARACTERISTICS 
Output Voltage Swing 


Full sf 


io) 


Ry = 2kQ 


Output Current 

Full Power Bandwidth (Note 2) 
Output Resistance 
TRANSIENT RESPONSE 
Rise Time (Note 2) 

Overshoot (Note 2) 

Slew Rate (Note 2) = 10Vp_p 
DIGITAL INPUT CHARACTERISTICS 
Digital Input Current 
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Vin = OV Full 
Vin = 5V Full 
Digital Input Voltage Low Full 
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SAMPLE AND HOLD CHARACTERISTICS 
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Electrical Specifications Test Conditions (Unless Otherwise Specified) Vgyppyy = +15.0V; Cy = 1000pF; Digital Input: Vj_ = +0.8V 
(Sample), Vip = +2.0V (Hold), Unity Gain Configuration (Output tied to Negative Input) (Continued) 
S 


TEST Temp.| _-HA-2420-2 | HA-2425-5 
_ananeren | conarons |") an Pr me a mE] wer 


To 0.01% 10V Step a ee ee ee 
ee 
[Efecive Aperture Delaytime [| 
[AperureUncerainy | 
Drift Current (Note 2) Vin = OV 
HA1-2420 Full 
Full 
HA3-2425, HA4P2425, HA9P2425 
POWER SUPPLY CHARACTERISTICS 
Supply Current (+) as Ez 
[Supply ourent() SCT SSSCSC~*dSC 
aes 


HA1-2425 


2. Ay =+1, Ry = 2kQ, Cy, = SOpF. 
3. Derived from computer simulation only; not tested. 


Functional Diagram 


OFFSET 
ADJUST 


-INPUT © 


+INPUT © 


SH | 
CONTROL 


HA-2420/2425 


GND V- HOLD 
CAPACITOR 


Test Circuits and Waveforms 


S/H -—— > HOLD 
CONTROL SAMPLE 


+IN S/H HOLD 
CONTROL CAP 


S/H CONTROL VSTEP 


sia NOTE: Set rise/fall times of S/H Control to approximately 20ns. 


FIGURE 1. HOLD STEP ERROR AND DRIFT CURRENT FIGURE 2. HOLD STEP ERROR TEST 


SAMPLE/ HOLD 


AMPLIFIERS 


HA-2420, HA-2425 


Test Circuits and Waveforms (continued) 


SH .-.-—- HOLD 
CONTROL j | Le SAMPLE 


NOTE: Measure the slope of the output during hold, AV/At, 
and compute drift current from: Ip = Cy AV/At. 


FIGURE 3. DRIFT CURRENT TEST 


SINE WAVE +5V 
INPUT 


an HA-2420/2425 


OUT 


+IN Sy HOLD 
CONTROL CAP GND 


S/H CONTROL INPUT 
NOTE: Compute hold mode feedthrough attenuation from the formula: 


Feedthrough A 200g OUTIL? 
eedthrough Attenuation = Owe era 
Vi NHOLD 


Where VoyTHOLD = Peak-to-Peak value of output 
sinewave during the hold mode. 


FIGURE 4. HOLD MODE FEEDTHROUGH ATTENUATION 


Schematic Diagram 


OFFSET ADJ. 


V+ 


eT The u 


(2) 


74 


Rg 
OUT 


Jou) 
pes aE Pl 


HA-2420, 


Application Information 
HOLD STEP VOLTAGE (mV) 


DC INPUT VOLTAGE (V) 
Cy = 0.1pF 


Cy = 10,000pF 
Cy = 1000pF 


Cy = 100pF 


FIGURE 5. HOLD STEP vs INPUT VOLTAGE 
Offset Adjustment 
The offset voltage of the HA-2420 and HA-2425 may be 
adjusted using a 100kQ trim pot, as shown in Figure 8. The 
recommended adjustment procedure is: 
Apply OV to the sample-and-hold input, and a square wave 
to the S/H control. 
Adjust the trim pot for OV output in the hold mode. 
Gain Adjustment 
The linear variation in pedestal voltage with sample-and- hold 
input voltage causes a -0.06% gain error (Cy, = 1000pF). In 
some applications (D/A deglitcher, A/D converter) the gain 
error can be adjusted elsewhere in the system, while in other 
applications it must be adjusted at the sample-and-hold. The 
two circuits shown below demonstrate how to adjust gain error 
at the sample-and-hold. 
The recommended procedure for adjusting gain error is: 
1. Perform offset adjustment. 
2. Apply the nominal input voltage that should produce a 
+10V output. 
. Adjust the trim pot for +10V output in the hold mode. 
. Apply the nominal input voltage that should produce a 
-10V output. 


. Measure the output hold voltage (V_19NOMINAL)- Adjust 
the trim pot for an output hold voltage of 


(V_40NOMINAL) * 7 10V) 
2 


INPUT R, 


NOTE: GAIN~—- 
Ri 


FIGURE 6. INVERTING CONFIGURATION 


HA-2425 


INPUT 


OUTPUT 


+IN 
- CONTROL 


S/H CONTROL 
INPUT R 
(o) FLL. NOTE: GAIN ~ 1 to 


FIGURE 7. NON-INVERTING CONFIGURATION 


Figure 8 shows a typical unity gain circuit, with Offset Zero- 
ing. All of the other normal op amp feedback configurations 
may be used with the HA-2420/2425. The input amplifier 
may be used as a gated amplifier by utilizing Pin 11 as the 
output. This amplifier has excellent drive capabilities along 
with exceptionally low switch leakage. 


CONTROL 


+ 


ee he Ht LS meee ee O 
2 OUT IW”) 
Or 
aie —— 
100kQ ~ it 
OFFSET TRIM (+25mV RANGE) Wd = 
FIGURE 8. BASIC SAMPLE-AND-HOLD (TOP VIEW) e: es 
The method used to reduce leakage paths on the PC board = = 


and the device package is shown in Figure 9. This guard ring 
is recommended to minimize the drift during hold mode. 


The hold capacitor should have extremely high insulation 
resistance and low dielectric absorption. Polystyrene (below 
85°C), Teflon, or Parlene types are recommended. 


For more applications, consult Harris Application Note 
AN517, or the factory applications group. 


CONTROL 
i “Are 
i 


O 


GND 


HOLD 
CAPACITOR “px 4 


OUT 


FIGURE 9. GUARD RING LAYOUT (BOTTOM VIEW) 
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Glossary of Terms 
Acquisition Time 


The time required following a “sample” command, for the output 
to reach its final value within +0.1% or +0.01%. This is the mini- 
mum sample time required to obtain a given accuracy, and 
includes switch delay time, slewing time and settling time. 


Aperture Time 


The time required for the sample-and-hold switch to open, 
independent of delays through the switch driver and input 
amplifier circuitry. The switch opening time is that interval 
between the conditions of 10% open and 90% open. 


Effective Aperture Delay Time (EADT) 


The difference between the digital delay time from the Hold 
command to the opening of the S/H switch, and the propaga- 
tion time from the analog input to the switch. 


Typical Performance Curves 


_ MIN. SAMPLE TIME 


FOR 0.1% ACCURACY xz 
10V SWINGS (1s) 


= DRIFT DURING HOLD 


ib AT 25°C (mV/s) 


100 


10 


1.0 


BANDWIDTH 
(MHz) 


0.1 


10pF 100pF 1000pF -0.01pF SS sOO- uF 1.0uF 


Cy VALUE 


FIGURE 10. TYPICAL SAMPLE AND HOLD PERFORMANCE AS 
A FUNCTION OF HOLDING CAPACITOR 


1000 


100 


Ip (pA) 


10 


-25 0 25 50 75 
TEMPERATURE (°C) 


FIGURE 12. DRIFT CURRENT vs TEMPERATURE 


EADT may be positive, negative or zero. If zero, the S/H ampli- 
fier will output a voltage equal to Viy at the instant the Hold 
command was received. For negative EADT, the output in Hold 
(exclusive of pedestal and droop errors) will correspond to a 
value of Vij, that occurred before the Hold command. 


Aperture Uncertainty 


The range of variation in Effective Aperture Delay Time. Aper- 
ture Uncertainty (also called Aperture Delay Uncertainty, 
Aperture Time Jitter, etc.) sets a limit on the accuracy with 
which a waveform can be reconstructed from sample data. 


Drift Current 


The net leakage current from the hold capacitor during the 
hold mode. Drift current can be calculated from the droop 
rate using the formula: 


Ip (PA) = Cy (pF) x SY (V/s) 


1000 
+ “SAMPLE” MODE - 100kQ iil 
“® 100 
z= 
2 = «an 3 
= Oa ew ell 
D Pall SEI 
S 10 MH 
1 
10 100 1K 10K 100K 1M 


BANDWIDTH (LOWER 3dB FREQUENCY = 10Hz) 


FIGURE 11. BROADBAND NOISE CHARACTERISTICS 


Cy = 100pF 
Cy = 1000pF 


OPEN LOOP VOLTAGE GAIN (dB) 


10K 100M 


FREQUENCY (Hz) 


10M 


FIGURE 13. OPEN LOOP FREQUENCY RESPONSE 
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Typical Performance Curves (continued) 


ATTENUATION (dB) 


+10V SINUSOIDAL INPUT FREQUENCY (Hz) 


FIGURE 14. HOLD MODE FEED THROUGH ATTENUATION 


OPEN LOOP PHASE ANGLE (DEGREES) 


FREQUENCY (Hz) 
FIGURE 15. OPEN LOOP PHASE RESPONSE 


---—-4V 
S/H SAMPLE 
CONTROL | HOLD ag 


S/H 
(5V/DIV.) 


Vout 


TIME (1,s/DIV.) 
FIGURE 16. ACQUISITION TIME (Cy = 1000pF) 


S/H 
(5V/DIV.) 


TIME (1ps/DIV.) 
FIGURE 18. ACQUISITION TIME (Cy = 1000pF) 
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S/H 
(5V/DIV.) 


SAMPLE/ HOLD 
AMPLIFIERS 


TIME (1,s/DIV.) 
FIGURE 17. ACQUISITION TIME (Cy = 1000pF) 


S/H 
(5V/DIV.) 


TIME (1,s/DIV.) 
FIGURE 19. ACQUISITION TIME (Cy = 1000pF) 
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Typical Performance Curves (Continued) 


S/H 
“ (5V/DIV.) 
H 
(5V/DIV.) 


OV 
OV 
VouT VouT 
(SOmV/DIV.) (50mV/DIV.) 
~EETT TE TTT 
TIME (500ns/DIV.) TIME (500ns/DIV.) 
FIGURE 20. ACQUISITION TIME (Cy, = 1000pF) FIGURE 21. ACQUISITION TIME (Cy, = 1000pF) 
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Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
102 mils x 61 mils x 19 mils Type: Nitride (SigN4) over Silox (SiOo, 5% Phos.) 
2590um x 1550um x 483um Silox Thickness: 12kA +2 
Nitride Thickness: 3.5kA +1.5kA 
METALLIZATION: 
Type: Al, 1% Cu TRANSISTOR COUNT: 
Thickness: 16kA +2kA 78 
SUBSTRATE POTENTIAL: PROCESS: 
\- Bipolar Dielectric Isolation 
BACKSIDE FINISH: 


Gold, Nickel, Silicon, etc. 


Metallization Mask Layout 
HA-2420, HA-2425 


GND 
VOS ADJ 
a 
52 
VOS ADJ om 
= w 
~~ 
wi & 
_ — 
5 
= 
q < 
dp) 
HOLD CAP 
V- V+ 


OUTPUT 
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DrHARRS HA-5320 


1s Precision 
November 1996 Sample and Hold Amplifier 


Features Description 


* Gain, DC 2x10°V/V The HA-5320 was designed for use in precision, high speed 
Acquisition Time ................+05: 1.0s (0.01%) data acquisition systems. 


Droop Rate ...........e cess eeeee 0.08V/us (25°C) The circuit consists of an input transconductance amplifier 

17.V/us (Full Temperature) Capable of providing large amounts of charging current, a low 

leakage analog switch, and an output integrating amplifier. The 

analog switch sees virtual ground as its load; therefore, charge 

Hold Step Error (See Glossary) .............. 1.0mV injection on the hold capacitor is constant over the entire 

Internal Hold Capacitor input/output voltage range. The pedestal voltage resulting from 

this charge injection can be adjusted to zero by use of the offset 

adjust inputs. The device includes a hold capacitor. However, if 

TTL Compatible improved droop rate is required at the expense of acquisition 
A pp lications time, additional hold capacitance may be added externally. 


¢ Precision Data Acquisition Systems 


Aperture Time 


Fully Differential Input 


This monolithic device is manufactured using the Harris 
Dielectric Isolation Process, minimizing stray capacitance 
and eliminating SCRs. This allows higher speed and latch- 
e Auto Zero Circuits free operation. For further information, please see 
° Peak Detector Application Note AN538. For Military grade product refer to 
the HA-5320/883 data sheet. 


¢ Digital to Analog Converter Deglitcher 


Ordering Information 


Pinouts are 
HA-5320 PART NUMBER | RANGE (°C) 


es aor HA1-5320-2 -55to25 |14LdCERDIP |F14.3 
HA1-5320-5 Oto75 |14LdCERDIP |F14.3 


14) S/H CONTROL HA3-5320-5 0 to 75 14 Ld PDIP E14.3 
i3] SUPPLY GND HA9P5320-5 0 to 75 16 Ld SOIC M16.3 
HA9P5320- -40to85 |16Ld SOIC M16. 
OFFSET ADJUST E! 


OFFSET ADJUST | 4| 
Functional Diagram 


OFFSET 
ADJUST 

INTEGRATOR 

8 | BANDWIDTH 


16] S/H CONTROL 
15] SUPPLY GND 


INTEGRATOR 
BANDWIDTH 


INTEGRATOR SUPPLY V- 
10) BANDWIDTH 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2857.3 
Copyright © Harris Corporation 1996 5-42 


HA-5320 


Absolute Maximum Ratings Thermal Information 
Uns VORSNG 6c xd Honea ay xennee sien exh ee bands bdawe 40V Thermal Resistance (Typical, Note 3) Qya (CCIW) 8yc (CCW) 
Difterantial Wiput VONAGE. 62. scan teecsesecaewcecivenvaes 24V GEROIP PaGKAQS 265652 nce en ncnes re 66 16 
Piatel 1h, VOURGG 6.0 wed once new edwaw ea ewe es eons +BV, -15V POIP PECKGQG .scccncassccavsswsans 90 N/A 
Output Current, Continuous (Note 1).................. +20mA SOIC Package... ......2-.e0seeeees 95 N/A 
Maximum Junction Temperature (Ceramic Package)......... 176°C 
Operating Conditions Maximum Junction Temperature (Plastic Package) ........ 150°C 
Tarngeratire Range Maximum Storage Temperature Range ......... -65°C to 150°C 
6 4 Maximum Lead Temperature (Soldering 10s)............ 300°C 
PPO a5 an Sho ddendwates eeamnadia race -55°C to 125°C (SOIC - Lead Tips Only) 
PROG sis se ckn ote watnbinvekneds es aeenie 0°C to 75°C 
cis asiwsisk desenidiscauhe harness -40°C to 85°C 
Supply Voltage Range (Typical, Note 2).......... +13.5V to +20V 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. Internal Power Dissipation may limit Output Current below 20mA. 
2. Specification based on a one time characterization. This parameter is not guaranteed. 
3. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +15.0V; Cy = Internal; Digital Input: Vj, = +0.8V (Sample), Vi = +2.0V (Hold), 
Unity Gain Configuration (Output tied to -Input), Unless Otherwise Specified 


rest | temp, _HASa202-9 | HAS205 
os a 


INPUT CHARACTERISTICS 
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=) =) =) =) 


Bias Current 25 70 


Full 300 A 
Offset Current 25 30 30 300 
Full 100 300 


Common Mode Range Pe Full +10 
Offset Voltage Temperature Coefficient Ld Full 


TRANSFER CHARACTERISTICS 
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oO 
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DC, (Note 12) 
Gain Bandwidth Product Cy = 100pF 
(Ay = +1, Note 5) Cy = 1000pF 


OUTPUT CHARACTERISTICS 


Output Current 


Full Power Bandwidth 
Output Resistance 
Total Output Noise (DC to 10MHz) 
TRANSIENT RESPONSE 


[Reotine SSS~*di SCS 
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SAMPLE/ HOLD 


AMPLIFIERS 


HA-5320 


Electrical Specifications = Vsyppyy = +15.0V; Cy = Internal; Digital Input: Vj, = +0.8V (Sample), Vjy = +2.0V (Hold), 
Unity Gain Configuration (Output tied to -Input), Unless Otherwise Specified (Continued) 


TEST TEMP. HA-5320-2/-9 | HA-5320-5 
PARAMETER CONDITIONS (°c) 


[owes ——SCSC~—ies SCC | CP | TT] dT 
[sewree ides SCO | Pe] -f- | *] |v 
[DIGTALWPUTCHARACTERITCS 


DIGITAL INPUT CHARACTERISTICS 


aa 


Full 


ae 

== a 

Input Current Vip = OV 25 poe fe 4 pe | 
Ful | = | = | te | a 

|: | - fe se 

| 08 

p40 


pA 
pA 
pA 


on m-* 


SAMPLE AND HOLD CHARACTERISTICS 
Acquisition Time (Note 7) 
Aperture Time (Note 8) Ld 


Effective Aperture Delay Time 


us 
us 


Aperture Uncertainty 


— a 


pV/us 
Full 


| | 
-25 

= = | 03 | 

= =| 0.08 

= pf 2 

Drift Current Note 9 | + | 8 | 50- Po. [8 | 

a Ss ce ce ce 

— af. fos 

as P| 8 

sz P| 165 

ae as 


yV/us 


on 
roo) 
nm 
oO 
iy 
on 
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Hold Mode Settling Time To 0.01% Full 


Hold Mode Feedthrough 10Vp.p, 100KHz Full 
POWER SUPPLY CHARACTERISTICS 


Positive Supply Current Note 10 sz 
Negative Supply Current Note 10 pe | 


25 
25 
25 
25 
25 
25 
25 
25 
25 


a 
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3 


: a) = aE 
|e] =]=]=]e]a]2]- |e] fale 
fe] atefe]s/S]e)2fe]ale fs 


mA 
mA 
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mart 

ak 
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+20 


Power Supply Rejection V+, Note 11 Full 
V-, Note 11 


NOTES: 

4. Vo = 20Vp_p; Ri = 2kQ; C, = 50pF; unattenuated output. 
5. Vo = 200MVp.p; RL = 2kQ; Cy = 50pF. 

6. Vo = 20V Step; Ry = 2kQ; C, = SOpF. 

7. Vo = 10V Step; Ry = 2kQ; Cy = 50pF. 

8. Derived from computer simulation only; not tested. 

9. Vin = OV, Vip = +3.5V, te < 20ns (Vj, to Vip). 

0 


. Specified for a zero differential input voltage between +IN and -IN. Supply current will increase with differential input (as may occur in the 
Hold mode) to approximately +46mA at 20V. 


11. Based on a 1V delta in each supply, i.e. 15V 40.5Vpc. 
12. Ry = 1kQ, Cy = 30pF. 
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Test Circuits and Waveforms 


HA-5320 


(Cy = 100pF) V7 


FIGURE 1. CHARGE TRANSFER AND DRIFT CURRENT 


7 - — — - HOLD (+3.5V) 
S/H CONTROL SAMPLE (0V) 


Vo 


Vp 
NOTES: 
13. Observe the “hold step” voltage Vp. 
14. Compute charge transfer: Q = VpCy. 


FIGURE 2. CHARGE TRANSFER TEST 


ANALOG 
MUX OR 
SWITCH 


10Vp.p 
OkHz 


10 
SINE WAVE S/H CONTROL 


SUPPLY 
GND 


Cext 


S/H CONTROL 
INPUT 


JN. 


TO 
SUPPLY 
COMMON 


HA-5320 


COM COMP. 


TO 
SIGNAL 
GND 


es aa - — —- HOLD (+3.5V) 
S/H CONTROL i i ; | SAMPLE (OV) 


NOTES: 
15. Observe the voltage “droop”, AVo/At. 


16. Measure the slope of the output during hold, AVo/At, and 
compute drift current: Ip = Cy AVo/At. 


FIGURE 3. DRIFT CURRENT TEST 
V- 


NOTE: 
Feedthrough in 
VouT Vy 
OUT : 
dB = 20log V where: 


REF INT. Vout = Vp-p, Hold Mode, 


VIN = Vp-p. 


NC 


FIGURE 4. HOLD MODE FEEDTHROUGH ATTENUATION 


Application Information 


The HA-5320 has the uncommitted differential inputs of an op 
amp, allowing the Sample and Hold function to be combined 
with many conventional op amp circuits. See the Harris Appli- 
cation Note AN517 for a collection of circuit ideas. 


Layout 


A printed circuit board with ground plane is recommended 
for best performance. Bypass capacitors (0.01mF to 0.1mF, 
ceramic) should be provided from each power supply termi- 
nal to the Supply Ground terminal on pin 13. 


The ideal ground connections are pin 6 (SIG. Ground) 
directly to the system Signal Ground, and pin 13 (Supply 
Ground) directly to the system Supply Common. 


Hold Capacitor 


The HA-5320 includes a 100pF MOS hold capacitor, 
sufficient for most high speed applications (the Electrical 
Specifications section is based on this internal capacitor). 


Additional capacitance may be added between pins 7 and 
11. This external hold capacitance will reduce droop rate at 
the expense of acquisition time, and provide other trade-offs 
as shown in the Performance Curves. 


If an external hold capacitor Cey7 is used, then a noise 
bandwidth capacitor of value 0.1Cey7 should be connected 
from pin 8 to ground. Exact value and type are not critical. 


The hold capacitor Cey7 should have high insulation resis- 
tance and low dielectric absorption, to minimize droop 
errors. Polystyrene dielectric is a good choice for operating 
temperatures up to 85°C. Teflon® and glass dielectrics offer 
good performance to 125°C and above. 


The hold capacitor terminal (pin 11) remains at virtual 
ground potential. Any PC connection to this terminal should 
be kept short and “guarded” by the ground plane, since 
nearby signal lines or power supply voltages will introduce 
errors due to drift current. 


®Teflon is a registered Trademark of Dupont Corporation. 
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SAMPLE/ HOLD 


AMPLIFIERS 


HA-5320 


Typical Application 


Figure 5 shows the HA-5320 connected as a unity gain non- 
inverting amplifier - its most widely used configuration. As an 
input device for a fast successive - approximation A/D 
converter, it offers very high throughput rate for a monolithic 
IC sample/hold amplifier. Also, the HA-5320’s hold step error 
is adjustable to zero using the Offset Adjust potentiometer, 
to deliver a 12-bit accurate output from the converter. 


The application may call for an external hold capacitor CeyxT 
as shown. As mentioned earlier, 0.1Cey7 is then recom- 
mended at pin 8 to reduce output noise in the Hold mode. 


The HA-5320 output circuit does not include short circuit 
protection, and consequently its output impedance remains 
low at high frequencies. Thus, the step changes in load 
current which occur during an A/D conversion are absorbed 
at the S/H output with minimum voltage error. A momentary 
short circuit to ground is permissible, but the output is not 
designed to tolerate a short of indefinite duration. 


Glossary of Terms 


Acquisition Time 


The time required following a “sample” command, for the 
output to reach its final value within +0.1% or +0.01%. This is 
the minimum sample time required to obtain a given 
accuracy, and includes switch delay time, slewing time and 
settling time. 


Charge Transfer 


The small charge transferred to the holding capacitor from 
the inter-electrode capacitance of the switch when the unit is 
switched to the HOLD mode. Charge transfer is directly 
proportional to sample-to-hold offset pedestal error, where: 


Charge Transfer (pC) = Cy (pF) x Hold Step Error (V) 


10kQ 


OFFSET 
ADJUST 
+15mV 


-15V +15V 


VIN ¢ 


S/H CONTROL ¢ 


a 


SYSTEM POWER 
GROUND 


SYSTEM SIGNAL 
\/ GROUND 


Aperture Time 


The time required for the sample-and-hold switch to open, 
independent of delays through the switch driver and input 
amplifier circuitry. The switch opening time is the interval 
between the conditions of 10% open and 90% open. 


Hold Step Error 


Hold Step Error is the output error due to Charge Transfer (see 
above). It may be calculated from the specified parameter, 
Charge Transfer, using the following relationship: 


= ehaige Want) 
Hold Step (V) = Fo Capacitance (pF) 


See Performance Curves. 


Effective Aperture Delay Time (EADT) 


The difference between the digital delay time from the Hold 
command to the opening of the S/H switch, and the propaga- 
tion time from the analog input to the switch. 


EADT may be positive, negative or zero. If zero, the S/H ampli- 
fier will output a voltage equal to Vix, at the instant the Hold 
command was received. For negative EADT, the output in Hold 
(exclusive of pedestal and droop errors) will correspond to a 
value of Vix, that occurred before the Hold command. 


Aperture Uncertainty 


The range of variation in Effective Aperture Delay Time. Aper- 
ture Uncertainty (also called Aperture Delay Uncertainty, 
Aperture Time Jitter, etc.) sets a limit on the accuracy with 
which a waveform can be reconstructed from sample data. 


Drift Current 


The net leakage current from the hold capacitor during the 
hold mode. Drift current can be calculated from the droop 
rate using the formula: 


Ip (PA) = Cy(pF) x Y (Vis) 


DIGITAL 
OUTPUT 


CONVERT 


NOTE: Pin Numbers 


ANALOG Refer to DIP 
COMMON Package 
Only. 


FIGURE 5. TYPICAL HA-5320 CONNECTIONS; NONINVERTING UNITY GAIN MODE 
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HA-5320 


Typical Performance Curves 


IpRi-t (PA) 


SAMPLE-TO-HOLD OFFSET 
(HOLD STEP) ERROR, (mV) 


100 1000 10K 100K 
Cy VALUE (pF) TEMPERATURE (°C) 


FIGURE 6. TYPICAL SAMPLE AND HOLD PERFORMANCE AS FIGURE 7. DRIFT CURRENT vs TEMPERATURE 
A FUNCTION OF HOLD CAPACITOR 


GAIN (dB) 


GAIN % 


(Cy=1100pF) | \ | 


PHASE (DEGREES) 


AMPLIFIERS 


SAMPLE/ HOLD 


0 
0 10 100 1K 10K 100K 1M 10M 
FREQUENCY (Hz) 


FIGURE 8. OPEN LOOP GAIN AND PHASE RESPONSE 


HOLD STEP VOLTAGE (mV) 


Ta = 25°C 


Cy = 100pF 


Cy = 1000pF 


HOLD STEP VOLTAGE (mV) 


Cy = 0.01yF 


DC INPUT (V) LOGIC LEVEL HIGH (V) 


FIGURE 9A. HOLD STEP vs INPUT VOLTAGE FIGURE 9B. HOLD STEP vs LOGIC (Vj}4) VOLTAGE 
FIGURE 9. TYPICAL SAMPLE-TO-HOLD OFFSET (HOLD STEP) ERROR 
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Die Characteristics 
DIE DIMENSIONS: 
92 mils x 152 mils x 19 mils 


METALLIZATION: 


Type: Al, 1% Cu 
Thickness: 16kA +2kA 


Metallization Mask Layout 


SUPPLY GND 
(13) 


eS — 


S/H CTRL (14) 
-INPUT (1) 


+INPUT (2) 


HA-5320 


PASSIVATION: 
Type: Nitride (SigN4) over Silox (SiOx, 5% Phos) 


Silox Thickness: 12kA +2kA 
Nitride Thickness: 3.5kA +1.5kA 


TRANSISTOR COUNT: 


184 


SUBSTRATE POTENTIAL: 


\- 


HA-5320 
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V+ 
(9) 


(8) INT BW 


(7) OUTPUT 


(6) SIG GND 


D HARRIS HA-5330 


650ns Precision 
November 1996 Sample and Hold Amplifier 


Features Description 


Very Fast Acquisition ....500ns (0.1%) 650ns (0.01%) |The HA-5330 is a very fast sample and hold amplifier designed 
primarily for use with high speed A/D converters. It utilizes the 
Harris Dielectric Isolation process to achieve a 650ns acquisition 
VOPY LOW ONCE osc nsccncexganecnteeney saan 0.2mV _ time to 12-bit accuracy and a droop rate of 0.011V/us. The circuit 

: consists of an input transconductance amplifier capable of pro- 
High Slew Rate ducing large amounts of charging current, a low leakage analog 
Wide Supply Range.................... +10V to+20V Switch, and an integrating output stage which includes a 90pF 

hold capacitor. 


LOW DIO00 FGtG iscavecosresaeearnne sana 0.01pV/us 


Internal Hold Capacitor 
The analog switch operates into a virtual ground, so charge injec- 


Fully Differential Input tion on the hold capacitor is constant and independent of Vin. 
TTL/CMOS Compatible Charge injection is held to a low value by compensation circuits 
and, if necessary, the resulting 0.5mV hold step error can be 

_T : adjusted to zero via the Offset Adjust terminals. Compensation is 
App lications also used to minimize leakage currents which cause voltage 


¢ Precision Data Acquisition Systems droop in the Hold mode. 


¢ D/A Converter Deglitching The HA-5330 will operate at reduced supply voltages (to +10V) 
with a reduced signal range. The MIL-STD-883 data sheet for 
¢ Auto-Zero Circuits this device is available on request. 


e Peak Detectors 


Ordering Information 


-eanrnuwoen [rance’c)| _rackace | ‘Wor 
PART NUMBER | RANGE (°C) 


SAMPLE/ HOLD 
AMPLIFIERS 


Pinout Functional Diagram 


HA-5330 OFFSET 
(PDIP, CERDIP) ADJUST 
TOP VIEW 


OFFSET ADv. | 3) 12] SIGNAL GND 
OFFSET ADV. | 4) 41] SUPPLY GND 


SH « 
CONTROL 


'8 | S/H CONTROL 


SUPPLY V- SIGNAL 
GND GND 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2858.2 
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HA-5330 


Absolute Maximum Ratings 


Voltage between V+ and SUPPLY/SIG GND .............. +20V 
Voltage between V- and SUPPLY/SIG GND................ -20V 
Voltage between SUPPLY GND and SIGGND ........... +2.0V 
Voltage between S/H Control and SUPPLY/SIG GND . +8V, -6V 
DINSrEritial INPUT VONAGGs.ccc ccs cde k ead vadnveae wie aseee 24V 
Output Current, Continuous (Note 1).................. +17mA 


Operating Conditions 
Temperature Range 


HA-BS0-2, onc csaniunevanassiardueciuens -55°C to 125°C 
ASSIS: is cponcrgasmeapasaesen saueres -25°C to 85°C 
ig ee 0°C to 75°C 
Supply Voltage Range (Typical)................. +10V to +20V 


Thermal Information 


Thermal Resistance (Typical, Note 3) 8a (CCIW) ®8yc (CCM) 


CERDIP PaCKHGS 24:40 esee case es 66 16 

PDIP Package s scessacence we cease 90 N/A 
Maximum Junction Temperature (Ceramic Package, Note 2)... 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Internal Power Dissipation may limit Output Current below +17mA. 


2. Maximum power dissipation, including output load, must be designed to maintain the junction temperature below 175°C for the ceramic 


package, and below 150°C for the plastic package. 


3. 68a is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +15V; S/H Control Vj, = +0.8V (Sample): Viy = +2.0V (Hold); SIG GND = SUPPLY GND, 
Unity Gain Configuration (Output tied to -Input), Unless Otherwise Specified 


TEST 
CONDITIONS 


PARAMETER 
INPUT CHARACTERISTICS 
Input Voltage Range 
Input Resistance (Note 4) 
Input Capacitance 


Offset Voltage 


Offset Voltage Temperature Coefficient 


Bias Current 


Offset Current 


Common Mode Range 
CMRR 
TRANSFER CHARACTERISTICS 


Vom = +10V 


0 
@) 


Gain 
Gain Bandwidth Product 
OUTPUT CHARACTERISTICS 


Note 12 


Output Voltage 
Output Current 
Full Power Bandwidth (Note 6) 


Hold Mode 
Sample Mode 


Output Resistance 


TEMP. 
(°C) 


=e 
=< 
=< 


= 


= 


UNITS 


1 I 


£2 


fo) 


+20 


+500 +300 


a|< 
S 
@) 


2x10? 


+10 
1: 


0.001 


4 


5-20 


HA-5330 


Electrical Specifications Vsyppyy = +15V; S/H Control Vi, = +0.8V (Sample): Vjy = +2.0V (Hold); SIG GND = SUPPLY GND, 
Unity Gain Configuration (Output tied to -Input), Unless Otherwise Specified (Continued) 


TEST remp, |__"A'5390-2,-4 | HAS3305 
PARAMETER CONDITIONS (°c) | MIN | TYP | MAX | MIN | TYP | MAX | UNITS 


= 
< 
D 
= 
” 


TRANSIENT RESPONSE 


some «die 


N 
io) 


7 


oO 


% 
V/us 
DIGITAL INPUT CHARACTERISTICS 


Input Voltage Full 
Input Current Full 
SAMPLE/HOLD CHARACTERISTICS 


-lh, 
Full 


5/5 |<|< Hoo 


4 
° 

) 
—_ 
Pd 
= 
° 

nal 
© 

oo 


70 


o 


| 
o 


oO 


To 0.01%, Note 8 
Full 


nN 
i=) 


fo) 


01 pV/us 


o 


10 uV/us 


= 


Note 10 


To 0.01% 
Hold Mode Feedthrough 20Vp.p, 100kHz Full 


POWER SUPPLY CHARACTERISTICS 


Positive Supply Current Ld Full 


© 


8 


cS 


3 
> 


toe] 
eo 
— 
fo) 


23 2 


2 

i=) 
A 7 
> 


4. Derived from computer simulation only; not tested. 
5. Vi; = 200mV Step; Ry = 2kQ; C, = SOpF. 
6. Full power bandwidth based on slew rate measurement using: FPBW = 
due to slew rate enhancement circuitry. 
7. Vo = 20V Step; Ry = 2kQ; C, = SOpF. 
8. Vo = 10V Step; Ry = 2kQ; Cy = 50pF. 
9. This parameter is measured at ambient temperature extremes in a high speed test environment. Consequently, steady state heating 
effects from internal power dissipation are not included. 
10. Vin = OV; Vin = +3.5V; ta = 22ns (Vi, to Vipy). See graph. 
11. Based on a 3V delta in each supply, i.e. 15V +1.5Vo¢c. 
12. Voyt = 200MVp.p, Ry = 2kQ, Cy = SOpF. 


Slew Rate 


On . Distortion of wave shape occurs beyond 100kHz 
™\ PEAK 
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SAMPLE/ HOLD 
AMPLIFIERS 


HA-5330 


Application Information 


The HA-5330 has the uncommitted differential inputs of an 
op amp, allowing the Sample/Hold function to be combined 
with many conventional op amp circuit ideas. See the Harris 
Application Note AN517 for a collection of circuit ideas. 


Layout 


A printed circuit board with ground plane is recommended 
for best performance. Bypass capacitors (0.01pF to 0.1pF, 
ceramic) should be provided from each power supply 
terminal to the Supply GND Terminal on pin 11. 


Typical Applications 


The HA-5330 is configured as a unity gain noninverting 
amplifier by simply connecting the output (pin 7) to the 
inverting input (pin 14). As an input device for a fast succes- 
sive - approximation A/D converter, it offers an extremely 
high throughput rate. Also, the HA-5330’s pedestal error is 
adjustable to zero by using an Offset Adjust potentiometer 
(10K to 50K) center tapped to V-. 


V- 


10kQ - 50kQ 


FIGURE 1. HA-5330 OFFSET ADJUST 


The ideal ground connections are pin 11 (Supply Ground) 
directly to the system Supply Common, and pin 12 (Signal 
Ground) directly to the system Signal Ground (Analog 
Ground). 


Hold Capacitor 


The HA-5330 includes a 90pF MOS hold capacitor, sufficient 
for most high speed applications (the Electrical Specifica- 
tions section is based on the internal capacitor). 


: sesh Pit pte 
a | 
S000 A SA 

a a 
iat AN Se 


— 
So 


So 


TTI SST! 


LT TUT av Ni 
COMIC TT 
RT || ih: 


MAGNITUDE (dB) 
PHASE (DEGREES) 


‘ 
is] 
So 


100K 1M 
FREQUENCY (Hz) 


FIGURE 2. MAGNITUDE AND PHASE RESPONSE 
(CLOSED LOOP GAIN = 100) 


Output Stage 


The HA-5330 output circuit does not include short circuit 
protection, and consequently its output impedance remains 
low at high frequencies. Thus, the step changes in load 
current which occur during an A/D conversion are absorbed 
at the S/H output with minimum voltage error. A momentary 
short circuit to ground is permissible, but the output is not 
designed to tolerate a short of indefinite duration. 


Glossary of Terms 
Acquisition Time 


The time required following a “sample” command, for the 
output to reach its final value within +0.1% or +0.01%. This is 
the minimum sample time required to obtain a given 
accuracy, and includes switch delay time, slewing time and 
settling time. 


Aperture Time 


The time required for the sample-and-hold switch to open, 
independent of delays through the switch driver and input 
amplifier circuitry. The switch opening time is that interval 
between the conditions of 10% open and 90% open. 


Hold Step Error 


Hold step error is the output shift due to charge transfer from 
the sample to the hold mode. It is also referred to as “offset 
step” or “pedestal error’. 


3.0 
A 
= 20 
ec 
2 
= 1.0 
WwW 
a 
0.0 
E 
7) 
Q -1.0 
all 
£ 2.0 
; 20 40 60 80 100 
RISE TIME (ns) OV TO 3.5V 


FIGURE 3. HOLD STEP ERROR vs S/H CONTROL RISE TIME 


Effective Aperture Delay Time (EADT) 


The difference between the digital delay time from the Hold 
command to the opening of the S/H switch, and the propaga- 
tion time from the analog input to the switch. 


EADT may be positive, negative or zero. If zero, the S/H 
amplifier will output a voltage equal to Vi, at the instant the 
Hold command was received. For negative EADT, the output 
in Hold (exclusive of pedestal and droop errors) will 
correspond to a value of Vix that occurred before the Hold 
command. 


Aperture Uncertainty 


The range of variation in Effective Aperture Delay Time. 
Aperture Uncertainty (also called Aperture Delay 
Uncertainty, Aperture Time Jitter, etc.) sets a limit on the 
accuracy with which a waveform can be reconstructed from 
sample data. 
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HA-5330 


Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 

99 mils x 166 mils x 19 mils Type: Nitride (SigN4) over Silox (SiO2, 5% Phos.) 

2510um x 4210um x 483um Silox Thickness: 12kA +2 

Nitride Thickness: 3.5kA +1.5kA 
METALLIZATION: 
SUBSTRATE POTENTIAL (Powered Up): 
Type: Al, 1% Cu 
Thickness: 16kA +2kA Signal GND 


TRANSISTOR COUNT: 
205 


PROCESS: 


Bipolar Dielectric Isolation 


Metallization Mask Layout 


HA-5330 


+IN 
= 
(7p) 
SIGNAL GND Oa 
= iw 
~~ (1 
SUPPLY GND ul = 
J — 
oa a 
V+ = => 
aq <x 
”) 
OFFSET ADJ 
OFFSET ADJ 
\- 
OUTPUT S/H CONTROL 
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FARRIS 


SEMICONDUCTOR 


aD 


November 1996 


Features 

e Fast Acquisition Time (0.01%) ............... 700ns 
e Fast Hold Mode Settling Time (0.01%).......... 200n 
¢ Low Distortion (Hold Mode) ................ -72dBc 


© (Vin = 200kHzZ, fs = 450kHz, 5Vp-_p) 

¢ Bandwidth Minimally Affected By External Cy 
e Fully Differential Analog Inputs 

¢ Built-In 135pF Hold Capacitor 

e Pin Compatible with HA-5320 


Applications 

¢ High Bandwidth Precision Data Acquisition Systems 
e Inertial Navigation and Guidance Systems 

e Ultrasonics 


e SONAR 
¢ RADAR 
Pinouts 
HA-5340 
(PDIP, CERDIP) 
TOP VIEW 


-IN | 1] 
+IN | 2] 


OFFSET AD. | 3} 


14] S/H CONTROL 
13] SUPPLY GND 


i2] NC 


EXTERNAL 
14) 


OFFSET ADu. [4] HOLD CAP 


V- 10} NC 
SIG. GND | 6| 9 | V+ 
OUTPUT 18 | NC 
HA-5340 
(SOIC) 
TOP VIEW 


-IN | 1] 
+IN | 2| 
OFFSET ADv. | 3| 14] NC 
OFFSET ADv. | 4] 43] NC 
nc [5] 2] HOLD cap. 
V- 41] NC 
SIG. GND 40] NC 
OUTPUT | 8| 9 | V+ 


16] S/H CONTROL 
15] SUPPLY GND 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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HA-5340 


700ns, Low Distortion, Precision 
Sample and Hold Amplifier 


Description 


The HA-5340 combines the advantages of two sample/ hold 
architectures to create a new generation of monolithic 
sample/hold. High amplitude, high frequency signals can be 
sampled with very low distortion being introduced. The 
combination of exceptionally fast acquisition time and 
specified/characterized hold mode distortion is an industry 
first. Additionally, the AC performance is only minimally 
affected by additional hold capacitance. 


To achieve this level of performance, the benefits of an 
integrating output stage have been combined with the advan- 
tages of a buffered hold capacitor. To the user this translates 
to a front-end stage that has high bandwidth due to charging 
only a small capacitive load and an output stage with constant 
pedestal error which can be nulled out using the offset adjust 
pins. Since the performance penalty for additional hold capac- 
itance is low, the designer can further minimize pedestal error 
and droop rate without sacrificing speed. 


Low distortion, fast acquisition, and low droop rate are the 
result, making the HA-5340 the obvious choice for high 
speed, high accuracy sampling systems. 


For a Military temperature range version request the 
HA-5340/883 data sheet. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


T6Ld SOIC 


Functional Diagram 
CHOLD EXTERNAL 
ADJUST OFFSET (OPTIONAL) 
— r--[|--3 


S/H 
CONTROL ~ 


V+ = V- 


SUPPLY SIGNAL GND 
GND 


2859.2 


File Number 


HA-5340 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals.................0.. 36V 
Differential Input Voltage. ............. eee eee 24V 
Digital INGUE VONAGS <cceccc cde sad eeensedwaed peeauas +8V, -6V 
Output Current, Continuous ............... 0.00 +20mA 


Operating Conditions 


Temperature Range 


PASSION. sas pad weeds ohendoeede eee yee -40°C to 85°C 
BAAS: crix e cnsnsorenceodeiasunodneniad 0°C to 75°C 
Supply Voltage Range (Typical)................. +12V to +18V 


Thermal Information 


Thermal Resistance (Typical, Note 2) Oya (CCIW) 8yo (PCW) 


CEADIP Package: ...020.cnces2e0n 66 16 

POMP PACKS oo 2s cccavckeescnsen 90 N/A 

SOG PACKAGGs cacicencaseavienun 95 N/A 
Maximum Junction Temperature (Ceramic Package, Note 1)... 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Maximum power dissipation must be designed to maintain the junction temperature below 175°C for the ceramic package, and below 


150°C for the plastic packages. 


2. Qj is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy =+15.0V; Cy = Internal = 135pF; Digital Input: Vy, = +0.8V (Sample), Vi} = +2.0V (Hold). Non-Inverting 
Unity Gain Configuration (Output tied to -Input), Ry = 2kQ, C, = 60pF, Unless Otherwise Specified 


INPUT CHARACTERISTICS 
Input Voltage Range 


Input Resistance (Note 3) 
Input Capacitance 
Input Offset Voltage 


Offset Voltage Temperature Coefficient 
Bias Current 


Offset Current 


Common Mode Range 


CMRR +10V, Note 4 


TRANSFER CHARACTERISTICS 
Gain 
Gain Bandwidth Product 


s) 
O 
on 


oO 
~“J 


Cy External = OpF 
Cy External = 100pF 
Cy External = 1000pF 


TRANSIENT RESPONSE 
Rise Time 200mV Step 
200mV Step 


10V Step 


Overshoot 
Slew Rate 
DIGITAL INPUT CHARACTERISTICS 


Input Voltage ViH 
VIL 
Input Current Vi_ = OV 
Vin = 5V 


PARAMETER TEST CONDITIONS TEMP. (°C) | MIN | TYP | MAX | UNITS 


NMi_ MI Pp 
opayn 


HA-5340-9, HA-5340-5 


Full +10 


ma] 


nm 
on 
3 
< 


Full 
Full 


V 
30 


+70 


=] 
fo 


Full +350 nA 


= 


i) 
) 


oO 


+50 


=] 


Full 
Full 


+350 nA 
+10 


hk 


Full 


“Ni 
ine) 


' ’ 
— 
oO (=) 


oO 


110 140 


Full 
Full 
Full 


o 


MHz 
M 
M 


z 


Eg 
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Ww 


35 
40 


Full 
Full 
Full 
Full 


ie) 
oO 


> 
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oO (oe) 
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SAMPLE/ HOLD 


AMPLIFIERS 


HA-5340 


Electrical Specifications Vsyppyy =+15.0V; Cy = Internal = 135pF; Digital Input: Vj, = +0.8V (Sample), Vj = +2.0V (Hold). Non-Inverting 
Unity Gain Configuration (Output tied to -Input), Ry. = 2kQ, C_ = 60pF, Unless Otherwise Specified (Continued) 


HA-5340-9, HA-5340-5 
PARAMETER TEST CONDITIONS TEMP. (°C) 


OUTPUT CHARACTERISTICS 


Full Power Bandwidth (Note 5) Re 


Output Resistance Hold Mode i io 0.05 
pee PE ee pe ee 
Ee Ce 


DISTORTION CHARACTERISTICS 


SAMPLE MODE 


Signal to Noise Ratio 
(RMS Signal to RMS Noise) 


Total Harmonic Distortion 


Intermodulation Distortion 


Vin = 10Vp-p, fy = 20kHz, Full -78 -83 
fo = 21kHz 


6 
Tin=200KH%2,10Vpe | 2 | | 7% | - | 


n= 20082, 10ers | +t ee | ide 
Tin=2008%2.20Ve0 | a | | 36 | - | ote 
in= T0082, vee | = | | | - | ae 
Tin= 10082, 20Vep | sd id z 


HOLD MODE (50% Duty Cycle S/H) 
Signal to Noise Ratio (RMS Signal to 
RMS Noise) 
fg = 450kHz 


Total Harmonic Distortion 
fg = 450kHz 


fg = 450kHz 


ale 


Intermodulation Distortion 
fg = 450kHz Vin = 10Vp.p pom | -79 dBc 
(fy = 20KHZ, fo = 21kHz) 


SAMPLE AND HOLD CHARACTERISTICS 


10V Step to 0.01% 


ae 

ae 
j1ovSteptoai% | | 
a es 98 
Ls 
— 
=a 
<a 


Acquisition Time 


Hold Step Error Vit = OV, Vip = 4.0V, ta = Sns 


ie) N 
oO oO 
oO oO 
Ww 
oO 
oO 
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HA-5340 


Electrical Specifications Vsyppyy =+15.0V; Cy = Internal = 135pF; Digital Input: Vy = +0.8V (Sample), Vjy = +2.0V (Hold). Non-Inverting 
Unity Gain Configuration (Output tied to -Input), Ry. = 2kQ, C, = 60pF, Unless Otherwise Specified (Continued) 


HA-5340-9, HA-5340-5 
PARAMETER TEST CONDITIONS TEMP.(°C) | MIN | TYP | MAX | UNITS 


Taperurouncerany ——S—SC~dESCSC‘“‘;S;S!C~drCSC‘“ C*dYSC CdS CdS 
[POWER SUPPLYCHARAGTERISTICS ——OSOSCS~SCSCSCSC“~SCSCS 


POWER SUPPLY CHARACTERISTICS 


[Postve Supply Curent _——<dT SCS Cd 
[Negative Supply Curent |i rT | 8 ma 
Penk SSCSCS*~ OD SSCSC~‘“dSCSC‘i SCP Pe PC 


NOTES: 
3. Derived from Computer Simulation only, not tested. 
4. +CMRR is measured from OV to +10V, -CMRR is measured from OV to -10V. 
5. Based on the calculation FPBW = Slew Rate/2nVpeaK (VpeaK = 10V). 


Test Circuits and Waveforms 


(Cy = 135pF = INTERNAL) (J 


FIGURE 1. HOLD STEP ERROR AND DROOP RATE 


su = mo ase HOLD (+4.0V) 
Smcontro. fC LL sammie 


7 - — — - HOLD (+4.0V) Vo at NS BL 
S/H CONTROL SAMPLE (0V) 1 1 f 
— pel At << 


Vo 
NOTES: 
7. Observe the voltage “droop”, AVo/At. 
ba 8. Measure the slope of the output during hold, AVo/At. 
NOTE: 9. Droop can be positive or negative - usually to one rail or the other 
6. Observe the “hold step” voltage Vp not to GND. 
FIGURE 2. HOLD STEP ERROR FIGURE 3. DROOP RATE TEST 
V+ V- 


ANALOG 
MUX OR 
SWITCH 


NOTE: 
10. Feedthrough in 


Vout Vv 
20Vp_p _ OUT . 
SINE WAVE dB = 20log Vin where: 
S/H : 
CONTROL “'GND™ om Vout = Vp-p, Hold Mode, 


Vin = Vp- 
S/H CONTROL " al 
INPUT 


TO TO 
Sf \ SUPPLY SIGNAL 
COMMON GND 


FIGURE 4. HOLD MODE FEED THROUGH ATTENUATION 
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SAMPLE/ HOLD 


AMPLIFIERS 


HA-5340 


Application Information 


The HA-5340 has the uncommitted differential inputs of an op 
amp, allowing the Sample and Hold function to be combined 
with many conventional op amp circuits. See the Harris Appli- 
cation Note AN517 for a collection of circuit ideas. 


Layout 


A printed circuit board with ground plane is recommended 
for best performance. Bypass capacitors (0.01uF to 0.1pF, 
ceramic) should be provided from each power supply termi- 
nal to the Supply Ground terminal on pin 13. 


The ideal ground connections are pin 6 (SIG. GND) directly 
to the system Signal Ground, and pin 13 (Supply Ground) 
directly to the system Supply Common. 


Hold Capacitor 


The HA-5340 includes a 135pF MOS hold capacitor, 
sufficient for most high speed applications (the Electrical 
Specifications section is based on this internal capacitor). 
Additional capacitance may be added between pins 7 and 
11. This external hold capacitance will reduce droop rate at 
the expense of acquisition time, and provide other trade-offs 
as shown in the Performance Curves. 


The hold capacitor Cj, should have high insulation 
resistance and low dielectric absorption, to minimize droop 


-15V +15V 


OFFSET 
ADJUST 
=+15mV 


SYSTEM SYSTEM 
POWER SIGNAL 
GROUND GROUND 


errors. Teflon® , polystyrene and polypropylene dielectric 
capacitor types offer good performance over the specified 
operating temperature range. 


The hold capacitor terminal (pin 11) remains at virtual 
ground potential. Any PC connection to this terminal should 
be kept short and “guarded” by the ground plane, since 
nearby signal lines or power supply voltages will introduce 
errors due to drift current. 


®Teflon is a registered Trademark of Dupont Corporation. 


Typical Application 


Figure 5 shows the HA-5340 connected as a unity gain non- 
inverting amplifier - its most widely used configuration. As an 
input device for a fast successive - approximation A/D 
converter, it offers very high throughput rate for a monolithic 
IC sample/hold amplifier. Also, the HA-5340’s hold step error 
is adjustable to zero using the Offset Adjust potentiometer, 
to deliver a 12-bit accurate output from the converter. 


The HA-5340 output circuit does not include short circuit 
protection, and consequently its output impedance remains 
low at high frequencies. Thus, the step changes in load 
current which occur during an A/D conversion are absorbed 
at the S/H output with minimum voltage error. A momentary 
short circuit to ground is permissible, but the output is not 
designed to tolerate a short of indefinite duration. 


DIGITAL 
OUTPUT 


ANALOG 
COMMON 


NOTE: Pin Numbers Refer to 
DIP Package Only. 


FIGURE 5. TYPICAL HA-5340 CONNECTIONS; NONINVERTING UNITY GAIN MODE 
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HA-5340 


Typical Performance Curves Typ = 25°C, Vs = +15V, Unless Otherwise Specified . 


S/H § 


SH # 
CONTROL . 


FRE ED ERE RD EEE ELE EH EP hs 


Vout 


2 
gq E 
a a 
wl e 
re Ww 
oc = a 
5 z e) a 
re) o ae 
ra = ales Lu 
a D ui & 
2 a 
re} —_j — 
O oa o 
< s= 
<q < 
0 400 800 1200 1600 2000 2400 “” 
EXTERNAL HOLD CAPACITANCE (pF) EXTERNAL HOLD CAPACITANCE (pF) 
FIGURE 8. DROOP RATE vs HOLD CAPACITANCE FIGURE 9. ACQUISITION TIME (0.01%) vs HOLD CAPACITANCE 
Vin = 4V 
Cy = 470pF 
co S 
c E 
po fe 
c 
9 2 
f rr 
WwW 
a. rr 
al a 
= ” 
YW”) 
QO = 
a 
fe) 2 
= 
TrRIsE (Ns) TEMPERATURE (°C) 
FIGURE 10. HOLD STEP ERROR vs Tprise FIGURE 11. HOLD STEP ERROR vs TEMPERATURE 
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HA-5340 


Typical Performance Curves 1, = 25°C. Vs = +15V, Unless Otherwise Specified (Continued) 


ee or a sn a oe 20 Vin = 4V, Cy = INTERNAL 
So oer ss tr = 5ns, 10ns, 20ns 


3 S 
= E10 
a 
5 
<= 
-10 
55 -35 -15 0 25 50 75 100 125 
EXTERNAL HOLD CAPACITANCE (pF) TEMPERATURE (°C) 
FIGURE 12. HOLD STEP ERROR vs HOLD CAPACITANCE FIGURE 13. HOLD STEP ERROR vs TEMPERATURE 
” a aa 
SUTIN LUTIIPSN Gf maserune | 
mt SUTURES SSnITTTil a shat ack 180 
> 20 h 90 wW a Se 
STN LE LUI ANH PS he z 
SLI, SB Caan 0 
CTI THIN’ 2 é 
CTC 0 | og 
a -90 < 2 
a 
Ay = +100, +15V AND BUIN -90 2 
+12V SUPPLIES (NOTE) 180 = 
1K 10K 100K 1M 10M TIM -180 
NOTE: +15V and+12V supplies trace the same line within 
the width of the line, therefore only one line is shown. 1K 10K 100K 10M 
FIGURE 14. CLOSED LOOP PHASE/GAIN FIGURE 15. CLOSED LOOP PHASE/GAIN 
20 -20 
fSAMPLE = 450kHz 
HOLD MODES HA-5320 
-40 —— — — SAMPLE AND HOLD MODES 
SChEET 
S 4 a -60 HA-5340 
-80 aces -80 ee 
‘oe SAMPLE MODE as 
0 T 200K 300K 400K 500K 20 
FREQUENCY (Hz) VouTp. p at ee fsaMPLE = 450kHz 
FIGURE 16. THD vs FREQUENCY FIGURE 17. THD vs Voyt 
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HA-5340 


Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
84mils x 139mils x 19mils Type: Nitride (SigN4) over Silox (SiOz, 5% Phos) 
Silox Thickness: 12kA + 2.0 
METALLIZATION: 


Nitride Thickness: 3.5kA + 1.5kA 
Type: Al, 1% Cu 


Thickness: 16kA + 2kA SUBSTRATE POTENTIAL (Powered Up): 
\- 


TRANSISTOR COUNT: 
196 


Metallization Mask Layout 


HA-5340 


(11) EXTERNAL 
HOLD CAP 


SUPPLY (13) 
GND 
S/H (14) a 
CONTROL 5 2 
= WwW 
-IN (1) (9) +VsuPPLY ul o 
(7) OUTPUT = = 
q < 
(7) OUTPUT 7) 
+IN (2) 
(6) SIG GND 


-Vsupp-y (5) 


e f: 
or) ar) 
a a 
< < 
i ~ 
uu Lu 
”) ” 
Li LL 
L. LL. 
fe) fe) 
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FiARRIS 


SEMICONDUCTOR 


aD 


November 1996 


Features 


Fast Acquisition to 0.01% 
Low Offset Error 


70ns (Max) 
+2mV (Max) 
Low Pedestal Error .................. +10mV (Max) 
Low Droop Rate 
Wide Unity Gain Bandwidth 

Low Power Dissipation 220mW (Max) 


Total Harmonic Distortion (Hold Mode) -72dBc 
(Vin = 5Vp-p at 1MHz) 


Fully Differential Inputs 
On Chip Hold Capacitor 


Applications 

¢ Synchronous Sampling 

e Wide Bandwidth A/D Conversion 
Deglitching 
Peak Detection 
High Speed DC Restore 


Pinout 


HA5351 
(PDIP, SOIC) 
TOP VIEW) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 


HA5S351 


64ns Sample and Hold Amplifier 


Description 


The HA5351 is a fast acquisition, wide bandwidth sample 
and hold amplifier, built with the Harris HBC-10 BiCMOS 
process. This sample and hold amplifier offers a combination 
of desirable features; fast acquisition time (70ns to 0.01% 
maximum), excellent DC precision and extremely low power 
dissipation, making it ideal for use in systems that sample 
multiple signals and require low power. For systems with 
multiple channels, consider the Dual HA5352 sample and 
hold amplifier. 


The HA5351 is in an open loop configuration with fully differ- 
ential inputs providing flexibility for user defined feedback. In 
unity gain the HA5351 is completely self-contained and 
requires no external components. The on-chip 15pF hold 
capacitor is completely isolated to minimizing droop rate and 
reduce sensitivity to pedestal error. The HA5351 is available 
in 8 lead PDIP and SOIC packages for minimizing board 
space and ease of layout. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


HA53511P -40to85 |8LdPDIP 
HA53511B -40to85 |8LdSOIC M8.15 


Functional Diagram 


File Number 
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3690.5 


HA5351 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals................... +11V 
Differential Input Voltage. «04.6 ccssccecewenasesamasssacus 6V 
Voltage Between Sample and Hold Control and Ground..... +5.5V 
Output Curent, Cominuous:.. csi cewsaceiccaasscaweneas +37MA 


Operating Conditions 
Temperature Range ................ce cece cease -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) 8 ya (CC/W) 
POIP PAGCKEOG ..cscccensc esc an sian oes eoawns 120 
Es PD xa kee. deere wareaeeken eens 160 

Maximum Junction Temperature (Plastic Package) ........ 150°C 

Maximum Storage Temperature Range ......... -65°C to 150°C 

Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. @ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Test Conditions: Vsyppyy = +5V; Cy = Internal = 15pF, Digital Input: Vi. = +0.0V (Sample), Vjy = 4.0V 
(Hold). Non-Inverting Unity Gain Configuration (Output Tied to -Input), C = 5pF, 


Unless Otherwise Specified 


INPUT CHARACTERISTICS 


Input Voltage Range 
Input Resistance (Note 2) 
Input Capacitance 


Input Offset Voltage 


Offset Voltage Temperature Coefficient 
Bias Current 
Offset Current 


Common Mode Range 


Common Mode Rejection 


TRANSFER CHARACTERISTICS 


Large Signal Voltage Gain 


Unity Gain -3dB Bandwidth 


TRANSIENT RESPONSE 


VouT = +2.5V 


200mV Step 
200mV Step 
5V Step 


Rise Time 

Overshoot 

Slew Rate 

DIGITAL INPUT CHARACTERISTICS 
Input Voltage 


L 


Il 
ro) 
< 


Input Current 


OUTPUT CHARACTERISTICS 


Output Voltage Ry, =510Q 


Output Current Ry = 1002 


PARAMETER TEST CONDITIONS 
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SAMPLE/ HOLD 


AMPLIFIERS 


HA5351 


Electrical Specifications Test Conditions: Vsyppyy = +5V: Cy = Internal = 15pF, Digital Input: Vy. = +0.0V (Sample), Viy = 4.0V 
(Hold). Non-Inverting Unity Gain Configuration (Output Tied to -Input), C. = 5pF, 
Unless Otherwise Specified (Continued) 


Output Resistance Hold Mode | 258 fe Q 


oO 
oO 
ine) 


ae 
ial oanods Pes Pd rs 


DISTORTION CHARACTERISTICS 
SAMPLE MODE 


(RMS Signal to RMS Noise) 
HOLD MODE (50% Duty Cycle S/H) 


Total Harmonic Distortion Vin = 4.5Vp-p, fin, = 100kKHz 25 | 80 -76 dBc 
Vin = 5Vp-p, fin = 1MHz 25 -74 dBc 
Vin = 1Vp-p, fin = 10MHz 25 57 

Signal to Noise Ratio Vin = 4.5Vp-p, fin, = 100kKHz 25 = 


Ni cn 
IN nh 
W 


Total Harmonic Distortion Vin = 4.5Vp-p, fin = 100kKHz, 2 dBc 
fs = 100kHz 
Vin = 5Vp-p, fin = 1MHz, 2 -72 -67 dBc 
fs = 1MHz 
Vin = 1Vp-p, fin = 10MHz, 2 -51 -47 dBc 


‘ 
~ 
foe) 


fs = 1MHz 
Signal to Noise Ratio Vin = 4.5Vp-p, fin = 100kHz, 2 70 
(RMS Signal to RMS Noise) fs = 100kHz 
SAMPLE AND HOLD CHARACTERISTICS 


Acquisition Time OV to 2.0V Step to +imV 


OV to 2.0V Step to 0.01% 
(+200yV) 


-2.5V to +2.5V Step to 0.01% 
(+500 V) 
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Droop Rate uV/us 
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Hold Step Error 

Hold Mode Settling Time 

Hold Mode Feedthrough 

EADT (Effective Aperture Delay Time) 


-10 1 
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_p, 500kKHz, Sine 5 
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Aperture Time (Note 2) 


nm 
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Aperture Uncertainty 
POWER SUPPLY CHARACTERISTICS 


Positive Supply Current 
Negative Supply Current 
PSRR 10% Delta 


NOTES: 
2. Derived from Computer Simulation only, not tested. 
3. +CMRR is measured from OV to +2.5V, -CMRR is measured from OV to -2.5V. 
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HA53 


Typical Performance Curves 


GAIN (dB) 


GAIN (dB) 


OUTPUT (V) 


TIME (ns) 
FIGURE 1. LARGE SIGNAL RESPONSE 


40.1631 ae: 


-8 
100K 
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FIGURE 3. UNITY GAIN FREQUENCY RESPONSE 
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FIGURE 5. 5Vp.p FULL POWER FREQUENCY RESPONSE 
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51 


OUTPUT (V) 


TIME (ns) 
FIGURE 2. SMALL SIGNAL RESPONSE 
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FIGURE 4. CLOSED LOOP GAIN/PHASE Ay = +1000 
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FIGURE 6. -3dB BANDWIDTH vs SUPPLY VOLTAGE 


SAMPLE/ HOLD 
AMPLIFIERS 


HA5351 


Typical Performance Curves (continued) 
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HA5351 


Typical Performance Curves (Continued) 
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FIGURE 13. HOLD MODE SETTLING TIME (+200,V) 
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HA5351 


Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
2530um x 1760um x 525um Type: Sandwich Passivation 
100 mils x 69 mils x 19 mils Nitride - 4kA, Undoped Si Glass (USG) - gkA, | 
Total - 12kA +2kA | 
METALLIZATION: | 
Type: Metal 1: AISiCu/TIW SUBSTRATE POTENTIAL: 
Thickness: Metal 1: 6kA +750A \- 
Type: Metal 2: AlSiCu TRANSISTOR COUNT: 
Thickness: Metal 2: 16kA +1.1kA 
156 
Metallization Mask Layout 
HA5351 
GND GND GND V+ V+ V+ 


S/H CONTROL 
-IN 
ee a i ba : in ‘os 
| | (— =! 3 Vout 
Seat Tks 
+IN AUT | i] 


5-38 


LINEAI 


SELECTION GUIDE 


VIDEO CROSSPOINT SWITCHES 


ee ee | 


VIDEO CROSSPOINT SWITCH DATA SHEETS 


HA4201 
HA4244 
HA4314B 
HA4344B 
HA4404B 
HA455 
HA456 
HA457 
HA4600 


480MHz, 1 x 1 Video Crosspoint Switch with Tally Output.......... 0... 0.2.0.0. eee ee eee 
480MHz, 1 x 1 Video Crosspoint Switch with Synchronous Enable ....................4-- 
400MHz, 4 x 1 Video Crosspoint SWICH . « cacesn cca ccecansessneas cece weeeaneeee nee ves 
350MHz, 4 x 1 Video Crosspoint Switch with Synchronous Controls ...................0-- 
330MHz, 4 x 1 Video Crosspoint Switch with Tally Outputs ........... 0.0... .2 2.2 
ToOMnZ, 6 XB Vides CMESOOIN SWHCN i ssa seosccteeuus buted weed ntinnvan}ntew ee guns 
80MHz, Low Power, 8 x 8 Video Crosspoint Switch .......... 0... 0... cece eee eee 
17OMHZ, Ay=4+2, Bx 8 Video Crosspoinl SWHCN . 2s sect screeseeeenkewnenwenacekwne es 
480MrHz, Video Butter with Output Disable. .2.0 0000 scevavcdaavewe nee eenewaeeweeenens 
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POINT SWITCHES 


Selection Guide 


VIDEO CROSSPOINT SWITCHES: Typical Values at 25°C, Unless Otherwise Specified 


FEATURES 
CROSSPOINT SWITCHES 


HA4600 


1x 1 with Tally Output 


1 x 1 with Latched Control 
Signal 


HA4404B- {4x 1 with Tally Outputs 


HA4344B- +|4x 1 with Latched Control 
Signals 


High Performance 8 x 8, Ay = +1 
Low Power 8 x 8, Ay = +1 
HA457 High Performance 8 x 8, Ay = +2 


NOTES: 
1. Off Isolation at 100MHz. 
2. Bold type indicates a new product from Harris. 
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SUPPLY 


@ HARRIS HA4201 


480MHz, 1 x 1 Video Crosspoint 
November 1996 Switch with Tally Output 


Features Description 


Low Power Dissipation The HA4201 is a very wide bandwidth 1 x 1 crosspoint 
switch ideal for professional video switching, HDTV, com- 
puter monitor routing, and other high performance applica- 
0.1dB Gain Flatness 250MHz_ tions. The circuit features very low power dissipation 

: (105mW Enabled, 1mW Disabled), excellent differential gain 
Off Isolation (100MHz) and phase, and very high off isolation. When disabled, the 
Differential Gain : output is switched to a high impedance state, making the 

HA4201 ideal for routing matrix equipment. 


Symmetrical Slew Rates 1700V/us 


0.01 Degrees 
The HA4201 requires no external current source, and fea- 


High ESD Rating >2000V tures fast switching and symmetric slew rates. The tally out- 
TTL Compatible Enable Input put is an open collector PNP transistor to Voc, and is 


activated whenever EN = 1 to provide an indication of cross- 
Open Collector Tally Output point selection. 


Improved Replacement for GX4201 For applications which don’t require a Tally output, please 
refer to the HA4600 data sheet. 


hence ane Ordering Information 


e Professional Video Switching and Routing 


3 . PART NUMBER TEMP. 
e Video Multiplexers (BRAND) RANGE (°C) 


e HDTV HA4201CP 8 Ld PDIP 


. HA4201CB 0 to 70 8 Ld SOIC M8.15 
ter Graphics 
Compute p (4201CB) Ri eel ed 


“”) 

RF Switching and Routing D z 
PCM Data Routing OF 
Os 

own 

. We 
Pinout Truth Table 2 z 
ou 


HA4201 


TOP VIEW 
ee 


C 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3680.3 
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HA4201 


Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- 1.0... . eee eee 12V Thermal Resistance (Typical, Note 1) Oya (°C/W) 
Input Voltage. ... 6... cece cece eee ee eee eee ee VSUPPLY PDIP Package.........0. ccc eee eee eenee 130 
Digital Input Current (NO 2) inc cccvceccasccasncseeas +25mA SOIC Package...... 2.0.0 ccc eee eee eee ees 170 
Output UNOM acxevistadexwrewive ence need eawe oe hee 20mA Maximum Junction Temperature (Die)................0.0. 175°C 
Maximum Junction Temperature (Plastic Package) ....... 150°C 
Operating Conditions Maximum Storage Temperature Range ......... -65°C to 150°C 
. . (e) 
Temperature Range ............. ccc cece eens 0°C to 70°c + Maximum Lead Temperature (Soldering 10s)............ 300" 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. @ja is measured with the component mounted on an evaluation PC board in free air. 
2. If an input signal is applied before the supplies are powered up, the input current must be limited to this maximum value. 


Electrical Specifications Vsyppyy = +5V, Ry = 10kQ, Ven = 2.0V, Unless Otherwise Specified 


TEMP. 


DC SUPPLY CHARACTERISTICS 
=< 
25, 70 a 100 115 yA 
ea 


Supply Voltage 


Supply Current (Vout = OV) 
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ANALOG DC CHARACTERISTICS 
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SWITCHING CHARACTERISTICS 
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Tally Off Leakage Current Vee = OV, -6Y -20 


AC CHARACTERISTICS 
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HA4201 


Electrical Specifications Vsyppyy = +5V, Ry = 10kQ, Ven = 2.0V, Unless Otherwise Specified (Continued) 


TEMP. 
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NOTE: 
3. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 


AC Test Circuit 


Slew Rate 
(1.5Vp_p, +SR/-SR) 


Application Information 


General 


The HA4201 is a 1 x 1 crosspoint switch that is ideal for the 
matrix element in small, high input-to-output isolation switch- 
ers and routers. It also excels as an input buffer for routers 
with a large number of outputs (i.e. each input must connect 
HFA1100 to a large number of outputs) and delivers performance 
ts superior to most video amplifiers at a fraction of the cost. As 
an input buffer, the HA4201’s low input capacitance and high 
input resistance provide excellent video terminations when 
used with an external 75Q resistor. This crosspoint contains 
no feedback or gain setting resistors, so the output is a true 
high impedance load when the IC is disabled (EN = 0). 


Frequency Response 


Most applications utilizing the HA4201 require a series out- 
put resistor, Rs, to tune the response for the specific load 
capacitance, C,, driven. Bandwidth and slew rate degrade 
as C, increases (as shown in the Electrical Specification 


9 VouT 


NOTE: C, = Cy + Test Fixture Capacitance. 


PC Board Layout 


The frequency response of this circuit depends greatly on 
the care taken in designing the PC board. The use of low 
inductance components such as chip resistors and chip 
capacitors is strongly recommended, while a _ solid 


ground plane is a must! 


Attention should be given to decoupling the power supplies. 
A large value (10F) tantalum in parallel with a small value 
(0.1L.F) chip capacitor works well in most cases. 


Keep input and output traces as short as possible, because 
trace inductance and capacitance can easily become the 
performance limiting items. 


table), so give careful consideration to component place- 
ment to minimize trace length. As an example, -3dB band- 
width decreases to 160MHz for Cy = 100pF, Rs = 022. In big 
matrix configurations where C, is large, better frequency 
response is obtained by cascading two levels of crosspoints 
in the case of multiplexed outputs (See Figure 2), or distribut- 
ing the load between two drivers if C, is due to bussing and 
subsequent stage input capacitance. 
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HA4201 


Control Signals 


EN - The ENABLE input is a TTL/CMOS compatible, active 
high input. When driven low this input forces the output to a 
true high impedance state and reduces the power dissipa- 
tion by two orders of magnitude. The EN input has no on- 
chip pull-up resistor, so it must be connected to a logic high 
(recommend V+) if the enable function isn’t utilized. 


Tally - The Tally output is an open collector PNP transistor con- 
nected to V+. When EN = 1, the PNP transistor is enabled and 
current is delivered to the load. When the crosspoint is dis- 
abled, the Tally output presents a very high impedance to the 
external circuitry. Several Tally outputs may be wire OR’d 
together to generate complex control signals, as shown with the 
HA4404 in the application circuits below. The Tally load may be 
terminated to GND or to V- as long as the continuous output 
current doesn’t exceed 3mA (6mA at 50% duty cycle, etc.). 


Switcher/Router Applications 


Figure 1 illustrates one possible implementation of a 
wideband, low power, 4 x 4 switcher/router. A 4 x 4 
switcher/router allows any of the four outputs to be driven by 
any one of the four inputs (e.g. each of the four inputs may 
connect to a different output, or an input may connect to 
multiple outputs). This application utilizes the HA4201 for the 
input buffer, the HA4404 (4 x 1 crosspoint switch) as the 
switch matrix, and the HFA1112 (programmable gain buffer) 


INPUT BUFFERS 


EN 
a , a ee Geers ae 
SOURCEO > : —— —_ —— = | 1-———— | v 
75Q . INO TO 


HA4201 
e@ 
SOURCE1 
750 ‘ V 
SOURCE2 ® 
75Q 
EN 
SOURCE3 o > vv ha 
OUT R _ 
75Q 2 HA4201 
OUTPUT BUFFERS x2 + 
v, (HFA1112 OR HFA1115) 
75Q 
OUTO 


as the gain of two output driver. Figure 2 details a 16 x 1 
switcher (basically a 16:1 mux) which uses the HA4201 in a 
cascaded stage configuration to minimize capacitive loading 
at each output node, thus increasing system bandwidth. 


Power Up Considerations 


No signals should be applied to the analog or digital inputs 
before the power supplies are activated. Latch-up may occur 
if the inputs are driven at the time of power up. To prevent 
latch-up, the input currents during power up must not exceed 
the values listed in the Absolute Maximum Ratings. 


Harris’ Crosspoint Family 


Harris offers a variety of 1 x 1 and 4 x 1 crosspoint switches. 
In addition to the HA4201, the 1 x 1 family includes the 
HA4600 which is an essentially similar device but without the 
Tally output. The 4 x 1 family is comprised of the HA4314, 
HA4404, and HA4344. The HA4314 is a 14 lead basic 4 x 1 
crosspoint. The HA4404 is a 16 lead device with Tally out- 
puts to indicate the selected channel. The HA4344 is a 16 
lead crosspoint with synchronized control lines (AO, A1, CS). 
With synchronization, the control information for the next 
channel switch can be loaded into the crosspoint without 
affecting the current state. On a subsequent clock edge the 
stored control state effects the desired channel switch. 


SWITCH MATRIX 


10kQ 
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FIGURE 1. 4 x 4 SWITCHER/ROUTER APPLICATION 


HA4201 
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FIGURE 2. 16 x 1 SWITCHER APPLICATION 


Typical Performance Curves Vsypp.y = +5V, Ta = 25°C, Ry = 10kQ, Unless Otherwise Specified 


OUTPUT VOLTAGE (V) 


TIME (5ns/DIV.) 


FIGURE 3. LARGE SIGNAL PULSE RESPONSE 
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POINT SWITCHES 


Typical Performance Curves Vsypp.y = +5V, Ta = 25°C, Ry. = 10k, Unless Otherwise Specified (Continued) 
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FIGURE 5. FREQUENCY RESPONSE 
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FIGURE 7. OFF ISOLATION 
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FREQUENCY (MHz) 


FIGURE 6. GAIN FLATNESS 
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Die Characteristics 
DIE DIMENSIONS: 


51 mils x 36 mils x 19 mils 
1290um x 910um x 483um 


METALLIZATION: 


Type: Metal 1: AlCu (1%)/TiW 
Thickness: Metal 1: 6kA +0.8kA 


Type: Metal 2: AlCu (1% 
Thickness: Metal 2: 16 +1.1kA 


Metallization Mask Layout 


EN 


V+ 


OUT 


HA4201 


PASSIVATION: 


Type: Nitride 
Thickness: 4kA +0.5kA 


TRANSISTOR COUNT: 
53 

SUBSTRATE POTENTIAL (Powered Up): 
\y- 
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POINT SWITCHES 


ow ans HA4244 


480MHz, 1 x 1 Video Crosspoint 
November 1996 Switch with Synchronous Enable 


Features Description 


Low Power Dissipation The HA4244 is a very wide bandwidth 1 x 1 crosspoint switch 
ideal for professional video switching, HDTV, computer moni- 
tor routing, and other high performance applications. The cir- 
0.1dB Gain Flatness 250MHz_ -Cuit features very low power dissipation, excellent differential 
gain and phase, high off isolation, symmetric slew rates, fast 
-3dB Bandwidth switching, and a latched enable signal. When disabled, the 
. output is switched to a high impedance state, making the 

Off Isolation (100MHz) HA4244 ideal for routing eae sine 9 


Differential Gain and Phase 0.01%/0.01 Degrees = The latched enable input allows for synchronized channel 
: , switching. When CLK is low the master control latch loads the 
a Eo anny anne next EN, while the closed slave control latch maintains the cros- 
TTL Compatible Control Signals spoint in its current state. CLK switching high closes the master 
latch, loads the now open slave latch, and enables or disables 

Latched Enable Input for Synchronous Switching the HA4244 according to the current state of the EN input. 


Symmetrical Slew Rates 1700V/us 


Powers-Up in Disabled State; Avoids Bus Contention This crosspoint’s design ensures that it powers up in the dis- 
abled state to eliminate bus contention concerns, and to 
minimize supply current draw at power up. 


Applications 
For applications requiring an asynchronous crosspoint 


* Prolessional vices Switehing and Hauling switch, please refer to the HA4201 and HA4600 data sheets. 


Video Multiplexers 


Ordering Information 


Computer Graphics 
PART NUMBER TEMP. 
RF Switching and Routing (BRAND) RANGE (°C) 


Pinout Functional Diagram 


HA4244 
(SOIC) IN 


TOP VIEW 
EN 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 4078 1 
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HA4244 


Absolute Maximum Ratings Thermal Information 

Vollage BOWeGn V+ ANG Vc csacccovcewseeisevecenvnens 12V_ ‘Thermal Resistance (Typical, Note 1) 8a (°C/W) 

Input Voltage... . 6.66... . eee eee eee eee eee eee eee VSUPPLY SOIC Package... c.esccannvacneccunsecss 158 

Digital Input Current (Note 2).............--.....205. +25mA Maximum Junction Temperature (Plastic Package) ....... 150°C 

Ce GG oo poe een bur eeadewenang ie ven sddeners 20mA Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............ 300°C 

Operating Conditions (SOIC - Lead Tips Only) 


Temperature Range ............. 0002 cece ee eeee 0°C to 70°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


2. If an input signal is applied before the supplies are powered up, the input current must be limited to this maximum value. 


Electrical Specifications Vsyppyy = +5V, Ry = 10kQ, Ven = 2.0V, Unless Otherwise Specified 


PARAMETER 
DC SUPPLY CHARACTERISTICS 
Supply Voltage 


Supply Current 
(Vout = OV) 


SWITCHING CHARACTERISTICS 


VIDEO CROSS- 
POINT SWITCHES 


Turn-On Time 


ine) 
oO 


ale 
on 


Turn-Off Time 


DIGITAL DC CHARACTERISTICS 


AC CHARACTERISTICS 


a CC 
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Electrical Specifications Vsyppiy = +5V, Ri = 10kQ, Ven = 2.0V, Unless Otherwise Specified (Continued) 


PARAMETER 


-3dB Bandwidth 


+0.1dB Flat Bandwidth Rs = 822, Cy = 10pF 


Rs = 43, C, = 15pF 


Input Resistance 


Enabled Output Resistance 
Disabled Output Capacitance VEN = 0.8V 


Slew Rate 
(1.5Vp.p, +SR/-SR) 


NOTE: 


TEST CONDITIONS 


SC 
Recs L ® | 
2) 


(2) 
2) 


ES 


Re = 362, C, = 21pF 2 


Differential Gain 4.43MHz, Note 3 


HA4244 
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3. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 


AC Test Circuit 


9 Vout 
HFA1100 


NOTE: C, = Cy + Test Fixture Capacitance. 


PC Board Layout 


The frequency response of this circuit depends greatly on 
the care taken in designing the PC board. The use of low 
inductance components such as chip resistors and chip 
capacitors is strongly recommended, while a solid 
ground plane is a must! 


Attention should be given to decoupling the power supplies. 
A large value (10uF) tantalum in parallel with a small value 
(0.1p.F) chip capacitor works well in most cases. 


Keep input and output traces as short as possible, because 
trace inductance and capacitance can easily become the 
performance limiting items. 


Application Information 
General 


The HA4244 is a synchronous 1 x 1 crosspoint switch that is 
ideal for the matrix element in small, high input-to-output iso- 
lation switchers and routers. The HA4244’s low input capaci- 
tance and high input resistance provide excellent video 
terminations when used with an external 75Q resistor. This 
crosspoint contains no feedback or gain setting resistors, so 
the output is a true high impedance load when the IC is dis- 
abled (EN = 0). 


Synchronizing Latches 


The HA4244 contains two latches which gate the EN input, 
thereby allowing all the crosspoints in a matrix to switch 
states synchronously. The latches also allow the EN input to 
be changed without affecting the current state of the 
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HA4244 


HA4244. Thus, the next channel switch can be set up, and 
isn’t acted upon until the next rising CLK edge. As long as 
the EN signals meet a setup and hold time relative to the ris- 
ing CLK edge, all of the HA4244s will assume their new 
state at the same time. 


Power-Up Disable Function 


The double latched EN signal, and single CLK input prevent 
the user from controlling the crosspoint state at power-up. To 
rectify this situation, the HA4244 incorporates power-up cir- 
cuitry to ensure that the crosspoint powers up in the disabled 
state. Disabling the HA4244 prevents bus contention 
between multiplexed outputs, and minimizes the switching 
matrix supply current during power-up. Consider, for exam- 
ple, a matrix of 625 crosspoints that power-up randomly. If 
50% of them power-up enabled, the required matrix supply 
current is 3.3A (313 x 10.5mA), neglecting output current. If 
HA4244s are utilized the power-up current is reduced to 
0.125A (625 x 200A). 


Frequency Response 


Most applications utilizing the HA4244 require a series out- 
put resistor, Rs, to tune the response for the specific load 
capacitance, C,, driven. Bandwidth and slew rate degrade 
as C, increases (as shown in the Electrical Specification 
table), so give careful consideration to component place- 
ment to minimize trace length. As an example, -3dB band- 
width decreases to 160MHz for C, = 100pF, Rs = 02. In big 
matrix configurations where C, is large, better frequency 
response is obtained by cascading two levels of crosspoints 
in the case of multiplexed outputs, or distributing the load 
between two drivers if C, is due to bussing and subsequent 
stage input capacitance. 


Control Signals 


EN - The ENABLE input is a TTL/CMOS compatible, active 
high input. When driven low this input forces the output to a 
true high impedance state and reduces the power dissipa- 
tion by two orders of magnitude. 


CLK - An active high, TTL/CMOS compatible input that con- 
trols the synchronizing latches. When CLK transistions low, 
the current state of the EN input is latched in the IC. This 
allows the EN input to be changed to the value correspend- 
ing to the next channel switch, without affecting the 
HA4244’s current state. The HA4244 assumes the new state 
on the next rising edge of CLK. 


Power Up Considerations 


No signals should be applied to the digital inputs before the 
power supplies are activated. Latch-up may occur if the 
inputs are driven at the time of power up. To prevent latch- 
up, the input currents during power up must not exceed the 
values listed in the Absolute Maximum Ratings. 


Harris’ Crosspoint Family 


Harris offers a variety of 1 x 1 and 4 x 1 crosspoint switches. In 
addition to the HA4244, the 1 x 1 family includes the HA4600, 
which is an essentially similar device but without the synchro- 
nizing latches, and the HA4201 asynchronous crosspoint with a 
Tally output (enable indicator). The 4 x 1 family is comprised of 
the HA4314, HA4404, and HA4344. The HA4314 is a 14 lead 
basic 4 x 1 crosspoint. The HA4404 is a 16 lead device with 
Tally outputs to indicate the selected channel. The HA4344 is a 
16 lead crosspoint with synchronized control lines (AO, A1, CS). 
With synchronization, the control information for the next chan- 
nel switch can be loaded into the crosspoint without affecting 
the current state. On a subsequent clock edge the stored con- 
trol state effects the desired channel switch. 


Typical Performance Curves Vsyppty = +5V, Ta = 25°C, Ri, = 10k, Unless Otherwise Specified 


OUTPUT VOLTAGE (V) 


TIME (5ns/DIV.) 


FIGURE 1. LARGE SIGNAL PULSE RESPONSE 


INPUT CAPACITANCE (pF) 


aries (MHz) 
FIGURE 2. INPUT CAPACITANCE vs FREQUENCY 
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POINT SWITCHES 


HA4244 


Typical Performance Curves Vsyppvy = +5V, Ta = 25°C, Ri, = 10kQ, Unless Otherwise Specified 
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FIGURE 5. OFF ISOLATION 
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Die Characteristics 
DIE DIMENSIONS: 


51 mils x 36 mils x 19 mils 
1290um x 910um x 483um 


METALLIZATION: 


Type: Metal 1: AlCu (1%)/TiW 
Thickness: Metal 1: 6kA +0. 8kA 


Type: Metal 2: AlCu (1% 
Thickness: Metal 2: 16 


+1.1kA 


Metallization Mask Layout 


EN 


V+ 


OUT 


HA4244 


PASSIVATION: 


Type: Nitride 
Thickness: 4kA +0.5kA 


TRANSISTOR COUNT: 
53 


SUBSTRATE POTENTIAL (Powered Up): 


\- 


HA4244 
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POINT SWITCHES 


HA4314B 


400MHz, 4 x 1 Video 


et SEMICONDUCTOR 


November 1996 Crosspoint Switch 
Features Description 
e Low Power Dissipation ................+-. 105mW_ = The HA4314B is a very wide bandwidth 4 x 1 crosspoint 


switch ideal for professional video switching, HDTV, com- 


¢ Symmetrical Slew Rates ................. 1400V/us puter monitor routing, and other high performance applica- 
¢ 0.1dB Gain Flatness...............0.0008- 100MHz_ tions. The circuit features very low power dissipation 
. (105mW Enabled, 4mW Disabled), excellent differential gain 
° -3dB Bandwidth ............. sees ee ee eee 400MH2 = and phase, and very high off isolation. When disabled, the 
° Off Isolation (100MHZ)..............000e eee: 70dB output is switched to a high impedance state, making the 
HA4314B ideal for routing matrix equipment. 
¢ Crosstalk Rejection (SOMHZ)................. 80dB 
The HA4314B requires no external current source, and fea- 
¢ Differential Gain and Phase ..... 0.01%/0.01 Degrees tyres fast switching and symmetric slew rates. 
¢ High ESD Rating .........-..-.eeeeeeeeee >2000V_ For a 4 x 1 crosspoint with Tally outputs (channel indicators) 


or with synchronous control signals, please refer to the 


¢ TTL Compatible Control Inputs 
HA4404B and HA4344B data sheets, respectively. 


Improved Replacement for GX4314 and GX4314L 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 
HA4314BCP 0 to 70 14 Ld PDIP E14.3 
HA4314BCB 0 to 70 14 Ld SOIC M14.15 


Applications 


e Professional Video Switching and Routing 


e HDTV 


¢ Computer Graphics 


e RF Switching and Routing 
e PCM Data Routing 


Pinout Truth Table 


HA4314B 
(PDIP, SOIC) 
TOP VIEW 


INO | 1) 
GND | 2] 
IN1 | 3] 
GND [4| 
IN2 | 5| 
GND |6| 
IN3 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3679 4 
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HA4314B 


Absolute Maximum Ratings Thermal Information 
Voltage Between V+ Gnd V- . ac sccrcaccveuvasenerseraceas 12V Thermal Resistance (Typical, Note 1) 8 ya (CCW) 
Input Voltage... 6.66. eee eee eee eee eee ee VSUPPLY PDIP Package ....06dsccesscenvrascevnaunns 100 
Digital Input Current (Note 2)................-200005. +25mA SOIC Package.........0 0. cece cece cece ees 120 
Analog Input Current (Note 2) .......... 0. sees en ee eens +5mMA Maximum Junction Temperature (Die).................0. 175°C 
OQUIPUE CUITENE 0. 2+ cree nsee steven eer ednenensewenens 20mMA Maximum Junction Temperature (Plastic Package) ....... 150°C 
; - Maximum Storage Temperature Range ......... -65°C to 150°C 
Operating Conditions Maximum Lead Temperature (Soldering 10s).......... . 800°C 
Temperature Range ............ 00 0c cece cence 0°C to 70°C (SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. 6ja is Measured with the component mounted on an evaluation PC board in free air. 
2. If an input signal is applied before the supplies are powered up, the input current must be limited to these maximum values. 


Electrical Specifications Vsyppyy = +5V, Ry. = 10kQ, V@s = 0.8V, Unless Otherwise Specified 


(NOTE 4) 
PARAMETER TEST CONDITIONS TEMP. (°C) TYP UNITS 


DC SUPPLY CHARACTERISTICS 


Supyvowe ———SSSC*SCCSC“‘“‘CSSSC‘Y( AD ws [OD SD 
Vessco 
ves=zv iY oY «doi so 
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ANALOG DC CHARACTERISTICS 


Output Voltage Swing without Clipping 


Output Current 

Input Bias Current 

Output Offset Voltage 

Output Offset Voltage Drift (Note 3) 
SWITCHING CHARACTERISTICS 
Turn-On Time 

Turn-Off Time 

Output Glitch During Switching 
DIGITAL DC CHARACTERISTICS 
Input Logic High Voltage 


7 
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ne) 
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Full 
Full 
Full 


Input Logic Low Voltage 


oO 
< 
o 
> 
< 
- 


Input Current 
AC CHARACTERISTICS 


“ 
Channel-to-Channel Insertion Loss 
Match 


-3dB Bandwidth Rg = 50, Cy = 10pF 
Rg = 209, Cy = 20pF 
Rg = 160, Cy = 36pF 
Rg = 132, Cy = 49pF 
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VIDEO CROSS- 
POINT SWITCHES 


HA4314B 


Electrical Specifications Vsyppyy = +5V, Ri. = 10kQ, Vag = 0.8V, Unless Otherwise Specified (Continued) 


+0.1dB Flat Bandwidth 


Rg = 16Q, C, = 36pF 
Rs = 13Q, C, = 49pF 
Input Resistance 

Input Capacitance 

Enabled Output Resistance 
Disabled Output Capacitance = 
4.43MHz, Note 3 
4.43MHz, Note 3 


1Vp_p, 100MHz, 
VGS = 2.0V, Rr = 10Q 


1Vp.p, 30MHz 

Rs = 509, C, = 10pF 
Rs = 20Q, Cy = 20pF 
Rs = 16Q, Cy = 36pF 
Rs = 13Q, Cy = 49pF 
10MHz, Ry = 1kQ, Note 3 


Differential Gain 
Differential Phase 


Off Isolation 


Crosstalk Rejection 
Slew Rate (1.5Vp_p, +SR/-SR) 


< 
a 
ad 
° 
< 


Total Harmonic Distortion 


Disabled Output Resistance 
NOTES: 


(NOTE 4) 
PARAMETER TEST CONDITIONS TEMP. (°C) TYP UNITS 
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3. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 
4. Units are 100% tested at 25°C; Guaranteed but not tested at 0°C and 70°C. 


AC Test Circuit 


5002 


4002 5102 


HA4314 75Q 


Vin Vout 


75Q 


HFA1100 


NOTE: C, = Cy + Test Fixture Capacitance. 


PC Board Layout 


The frequency response of this circuit depends greatly on 
the care taken in designing the PC board. The use of low 
inductance components such as chip resistors and chip 
capacitors is strongly recommended, while a solid 
ground plane is a must! 


Attention should be given to decoupling the power supplies. 
A large value (10uF) tantalum in parallel with a small value 
(0.1,,F) chip capacitor works well in most cases. 


Keep input and output traces as short as possible, because 
trace inductance and capacitance can easily become the 
performance limiting items. 


Application Information 
General 


The HA4314B is a 4 x 1 crosspoint switch that is ideal for the 
matrix element of high performance switchers and routers. 
This crosspoint’s low input capacitance and high input resis- 
tance provide excellent video terminations when used with 
an external 75Q resistor. Nevertheless, if several HA4314B 
inputs are connected together, the use of an input buffer 
should be considered (see Figure 1). This crosspoint con- 
tains no feedback or gain setting resistors, so the output is a 
true high impedance load when the IC is disabled (CS = 1). 


Ground Connections 


All GND pins are connected to a common point on the die, 
so any one of them will suffice as the functional GND con- 
nection. For the best isolation and crosstalk rejection, how- 
ever, all GND pins must connect to the GND plane. 


Frequency Response 


Most applications utilizing the HA4314B require a series out- 
put resistor, Rs, to tune the response for the specific load 
capacitance, C,, driven. Bandwidth and slew rate degrade 
as C, increases (as shown in the Electrical Specification 
table), so give careful consideration to component place- 
ment to minimize trace length. In big matrix configurations 
where C;, is large, better frequency response is obtained by 
cascading two levels of crosspoints in the case of multi- 
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plexed outputs (see Figure 2), or distributing the load 
between two drivers if Cy, is due to bussing and subsequent 
stage input capacitance. 


Control Signals 


CS - This is a TTL/CMOS compatible, active low Chip Select 
input. When driven high, CS forces the output to a true high 
impedance state and reduces the power dissipation by a fac- 
tor of 25. The CS input has no on-chip pull-down resistor, so 
it must be connected to a logic low (recommend GND) if the 
enable function isn’t utilized. 


AO, A1- These are binary coded, TTL/CMOS compatible 
address inputs that select which one of the four inputs con- 
nect to the crosspoint output. 


Switcher/Router Applications 


Figure 1 illustrates one possible implementation of a wide- 
band, low power, 4 x 4 switcher/router utilizing the HA4314B 
for the switch matrix. A 4 x 4 switcher/router allows any of 
the four outputs to be driven by any one of the four inputs 
(e.g., each of the four inputs may connect to a different out- 
put, or an input may connect to multiple outputs). This appli- 
cation utilizes the HA4600 (video buffer with output disable) 
for the input buffer, the HA4314B as the switch matrix, and 
the HFA1112 (programmable gain buffer) as the gain of two 
output driver. Figure 2 details a 16 x 1 switcher (basically a 
16:1 mux) which uses the HA4201 (1 x 1 crosspoint) and the 


INPUT BUFFERS 
+5V 


EN 


> OUT Rs 


75Q HA4600 


SOURCE 0 © 


v, 
SOURCE 1 2 © 
75Q © 
iw 
SOURCE 2 2 
75Q 
+5V 
EN 
SOURCE 3 @ Lo 
OUT Rs S 
75Q HA4600 
OUTPUT BUFFERS \7 
\/ (HFA1112 OR HFA1115) X2 
75Q 


OUTO 


HA4314B in a cascaded stage configuration to minimize 
capacitive loading at each output node, thus increasing sys- 
tem bandwidth. 


Power Up Considerations 


No signals should be applied to the analog or digital inputs 
before the power supplies are activated. Latch-up may occur 
if the inputs are driven at the time of power up. To prevent 
latch-up, the input currents during power up must not exceed 
the values listed in the Absolute Maximum Ratings. 


Harris’ Crosspoint Family 


Harris offers a variety of 4 x 1 and 1 x 1 crosspoint switches. 
In addition to the HA4314B, the 4 x 1 family includes the 
HA4404 and HA4344. The HA4404 is a 16 lead device with 
Tally outputs to indicate the selected channel. The HA4344 
is a 16 lead crosspoint with synchronized control lines (AO, 
A1, CS). With synchronization, the control information for the 
next channel switch can be loaded into the crosspoint with- 
out affecting the current state. On a subsequent clock edge 
the stored control state effects the desired channel switch. 


The 1 x 1 family is comprised of the HA4201 and HA4600. 
They are essentially similar devices, but the HA4201 
includes a Tally output (enable indicator). The 1 x 1s are 
useful as high performance video input buffers, or in a switch 
matrix requiring very high off isolation. 


SWITCH MATRIX 


INO INO 
HA4314 HA4314 
cs cs 
W. 
Rs 
_ J PS 
‘Fro Whe ‘Fro 
75Q 75Q 75Q 
OUT1 OUT2 OUT3 


FIGURE 1. 4 x 4 SWITCHER/ROUTER APPLICATION 
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O 
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= 
5S 


POINT SWITCHES 


HA4314B 


HA4314 SELO:3 SEL4:7 


SOURCEO ¢ 

® 

e 

e 1/4 CD74HCTOO 
SOURCE3 ¢ > 

Sm 

SOURCE4 ¢ HA4201 

e 

e 

 ) 
SOURCE7 © 

HFA1112 OR HFA1115 
75Q 
115 71 / Be 2 OUT 
yy, eee SELB ELi2 5 a 

SOURCES ¢ 

® 

: 1/4 CD74HCTOO 
SOURCE11 - 

Rs 
SOURCE12 © > 
HA4201 

e 

e 

6 
SOURCE15 © 

V HA4314 
SWITCHING ISOLATION OUTPUT 
MATRIX MUX BUFFER 


FIGURE 2. 16 x 1 SWITCHER APPLICATION 


Typical Performance Curves Vsupp y = +5V, Ta = 25°C, R, = 10kQ, Unless Otherwise Specified 


A1 (V) 


OUTPUT VOLTAGE (V) 


OUTPUT VOLTAGE (mV) 


TIME (5ns/DIV.) TIME (200ns/DIV.) 


FIGURE 3. LARGE SIGNAL PULSE RESPONSE FIGURE 4. CHANNEL-TO-CHANNEL SWITCHING RESPONSE 
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Typical Performance Curves VsuppLy = +5V, Ta = 25°C, Ry. = 10kQ, Unless Otherwise Specified (Continued) . 


vw= ex I | TTI TE 
1 
a BE 
a ai 
TN 
rT eh eel 
lll ATAU 


GAIN (dB) 
So 


FREQUENCY (MHz) 


FIGURE 5. FREQUENCY RESPONSE 
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FIGURE 7. ALL HOSTILE CROSSTALK REJECTION 
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FIGURE 9. TOTAL HARMONIC DISTORTION vs FREQUENCY 
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FIGURE 8. ALL HOSTILE OFF ISOLATION 


FREQUENCY (MHz) 


FIGURE 10. INPUT CAPACITANCE vs FREQUENCY 


HA4314B 


Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
65 mils x 118 mils x 19 mils Type: Nitride 
1640um x 3000um x 483m Thickness: 4kA +0.5kA 
METALLIZATION: TRANSISTOR COUNT: 
Type: Metal 1: AlCu (1%)/TiW 200 


Thickness: Metal 1: 6kA +0. 8kA 


Type: Metal 2: AlCu (1% 
Thickness: Metal 2: 16kA +1.1 


SUBSTRATE POTENTIAL (Powered Up): 
\- 


Metallization Mask Layout 


HA4314B 


GND INO NC V+ 


IN1 AO 
NC Al 
GND ; pass i=: a cs 
NC — == OUT 
Pei ie 7 = 
IN2 NC 
GND NC 


en 


IN3 GND NC V- 
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350MHz, 4 x 1 Video Crosspoint 
Switch with Synchronous Controls 


Features 

e Low Power Dissipation ................... 105mW 
e Symmetrical Slew Rates................- 1400V/us 
* 0.148 Gait FIGINGSES. . 2.66502 cewsxe ence ews 100MHz 
e -3dB Bandwidth ...............00 eee eee 350MHz 
e Off Isolation (10OMHZ).............00ee eens 70dB 
¢ Crosstalk Rejection (SOMHz)................. 80dB 
¢ Differential Gain and Phase ..... 0.01%/0.01 Degrees 
* High ESD Rating ...cscesccanevscncuveves >2000V 


¢ TTL Compatible Control Signals 
e Latched Control Lines for Synchronous Switching 


Applications 

¢ Professional Video Switching and Routing 
e RGB Video Distribution Systems 

e Computer Graphics 

e RF Switching and Routing 


Description 


The HA4344B is a very wide bandwidth 4 x 1 crosspoint switch 
ideal for professional video switching, HDTV, computer display 
routing, and other high performance applications. This circuit 
features very low power dissipation, excellent differential gain 
and phase, high off isolation, symmetric slew rates, fast switch- 
ing, and latched control signals. When disabled, the output is 
switched to a high impedance state, making the HA4344B ideal 
for matrix routers. 


The latched control signals allow for synchronized channel 
switching. When CK‘1 is low the master control latch loads the 
next switching address (AO, A1, CS), while the closed (assum- 
ing CK2 is the inverse of CK1) slave control latch maintains the 
crosspoint in its current state. CK2 switching low closes the 
master latch (with previous assumption), loads the now open 
slave latch, and switches the crosspoint to the newly selected 
channel. Channel selection is asynchronous (changes with any 
control signal change) if both CK1 and Ck2 are low. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


HA4344BCP 16 Ld PDIP E16.3 
HA4344BCB 16 Ld SOIC M16.15 


Pinout 


HA4344B 
(PDIP, SOIC) 
TOP VIEW 


INO | 1) 
GND | 2 
IN1 | 3) 
GND | 4| 
IN2 | 5) 
GND [6] 
IN3 
GND [8 | 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 


Functional Diagram 


OUT 


AO, A1,CS CHX CHY cuz K cux ] CHZ 
CHY (crx) CHZ 


OUT CHX 
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File Number 3956.1 


VIDEO CROSS- 
POINT SWITCHES 


HA4344B 


Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- ... 0.0... .. 0. ccc eee 12V Thermal Resistance (Typical, Note 1) Ba (CW) 
Input Voltage. ... 6... eee eee eee eee VSUPPLY PDIP Package... ...... 0.0.2 c cece eee eeees 90 
Digital Input Current (Note 2)............... 0c eee eee +25mA SOIC Package... 0.0.0... ccc cece cece eee eens 115 
Analog Input Current (Note 2) ....... Were tet ee tee +5mA Maximum Junction Temperature (Die)................000. 175°C 
Output Current ..... 16. eee eee e eee rene eens 20mA Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Operating Conditions Maximum Lead Temperature (Soldering 10s)............ 300°C 
Tamperatons Ae@nge cscs c i aceesevewieeesaaces 0°C to 70°C (SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. 8ja is measured with the component mounted on an evaluation PC board in free air. 
2. If an input signal is applied before the supplies are powered up, the input current must be limited to these maximum values. 


Electrical Specifications Vsyppyy = +5V, Ry = 10kQ, Vas = 0.8V, Unless Otherwise Specified 


(NOTE 4) 
PARAMETER TEST CONDITIONS TEMP. (°C) TYP UNITS 


DC SUPPLY CHARACTERISTICS 


Output Voltage Swing Without Clip- 
ping 


Output Offset Voltage Drift (Note 3) 


SWITCHING CHARACTERISTICS 


ine) 
oO 


Turn-On Time 


—_ 
[o)) 
oO 


Turn-Off Time 


ie) 
Or 


Output Glitch During Switching 


ne) 
w 
NO 
io) 
” 


DIGITAL DC CHARACTERISTICS 


Input Logic High Voltage Full 


Input Logic Low Voltage Full 


+ 
—_ 
ro) 
< 


CLK1, CLK2 Input Current 0 to 4V Full 


> 


' 
ro) 
oO 
EB 
> 


CS, AO, A1 Input Current 0 to 4V Full 


AC CHARACTERISTICS 


_ 


Channel-to-Channel Insertion Loss 
Match 


oO 


0.055 0.063 


Full 0.07 0.08 


Full +0.004 +0.006 


6-24 


HA4344B 


Electrical Specifications Vsyppyy = +5V, R, = 10kQ, Vas = 0.8V, Unless Otherwise Specified (Continued) 


(NOTE 4) 
PARAMETER TEST CONDITIONS TEMP. (°C) TYP UNITS 


saan. cme | = | | om | | we 
ean cnser | | | = | | we 


+0.1dB Flat Bandwidth MHz 


° 
o 


Rs = 290, C,, = 20pF 110 MHz 


x 
+e) 


Input Capacitance Full 


Oo 


25 
, 5 
, 5 

' 5 

i, 

etietapatecmiane: 
a 
: 
7 
S) 

, 5 

, 25 

' 5 


ne} 
mH 


0.01 


0.01 Degrees 


Off Isolation 1Vp.p, 100MHz, VGS = 2.0V Full 
Crosstalk Rejection 1Vp_p, 30MHz Full 
Rs = 47Q, C, = 10pF 2 


Slew Rate (1.5Vp.p, +SR/-SR) 1400/1490 Vius 


Rg = 16Q, C, = 33pF 
Rg = 99, C, = 52pF 
C 


1200/1260 Vius 


3 
: 
Disabled Output Resistance Full 


NOTES: 
3. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 
4. Units are 100% tested at 25°C; guaranteed, but not tested at 0°C and 70°C. 


AC Test Circuit 


870/940 Vis 


VIDEO CROSS- 
POINT SWITCHES 


750/710 Vis 


~ 
f=) 
—s 
3 


MQ 


= ~“N —_ | — 
° on 


5002 


4002 §10Q 


HA4344B 75Q 


VIN © Vout 
HFA1100 
75Q 


NOTE: C, = Cy + Test Fixture Capacitance. 


6-25 


—) 


SEMICONDUCTOR 


aD 


November 1996 


HA4404B 


330MHz, 4 x 1 Video 
Crosspoint Switch with Tally Outputs 


Features 
Low Power Dissipation 
Symmetrical Slew Rates 
0.1dB Gain Flatness 
-3dB Bandwidth 
Off Isolation (100MHz) 
Crosstalk Rejection (30MHz) 


1250V/us 
165MHz 
330MHz 


Differential Gain and Phase 
High ESD Rating 
TTL Compatible Control Inputs 


0.01%/0.01 Degrees 
>2000V 


Open Collector Tally Outputs 
Improved Replacement for GX4404 


Applications 

e Professional Video Switching and Routing 
e HDTV 

e Computer Graphics 


e RF Switching and Routing 


Pinout 


HA4404B 
(PDIP, SOIC) 
TOP VIEW 


Description 


The HA4404B is a very wide bandwidth 4 x 1 crosspoint 
switch ideal for professional video switching, HDTV, com- 
puter monitor routing, and other high performance applica- 
tions. The circuit features very low power dissipation 
(105mW Enabled, 4mW Disabled), excellent differential gain 
and phase, and very high off isolation. When disabled, the 
output is switched to a high impedance state, making the 
HA4404B ideal for routing matrix equipment. 


The HA4404B requires no external current source, and fea- 
tures fast switching and symmetric slew rates. The tally out- 
puts are open collector PNP transistors to V+ to provide an 
indication of crosspoint selection. 


For a 4 x 1 crosspoint without Tally outputs or with synchro- 
nous control signals, please refer to the HA4314B and 
HA4344B Data Sheets, respectively. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) PACKAGE 


HA4404BCP 0 to 70 16 Ld PDIP E16.3 
HA4404BCB 0 to 70 16 Ld SOIC M16.15 


Functional Diagram 


3678.4 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


File Number 
Copyright © Harris Corporation 1996 6-26 
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Absolute Maximum Ratings Thermal Information 
Voltage Botwoen V+ and V- 26... ccc ees cweseseteneanes 12V. Thermal Resistance (Typical, Note 1) 8ya (CCW) 
Input Voltage... 66-6. ee eee eee eee eee ee VSUPPLY PDIP Package ........00.0ccccceseeeaneunes 90 
Digital Input Current (Note 2)..................2000-. +25mA SOIC Package.........-.-0 0022. e cee e ve eeee 115 
Analog Input Current (Note 2) .....6...6ceeeceesseeses +5mMA Maximum Junction Temperature (Die)..................- 175°C 
UE GUNG a0: 2.09544 08 esine de Ge oen genres ee anes 20mA Maximum Junction Temperature (Plastic Package) ....... 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Operating Conditions Maximum Lead Temperature (Soldering 10s)............ 300°C 


Temperature ANG ssc ea cdesscaesvawseedavesss 0°C to 70°C (SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. @ja is measured with the component mounted on an evaluation PC board in free air. 
2. If an input signal is applied before the supplies are powered up, the input current must be limited to these maximum values. 


Electrical Specifications Vsyppyy = +5V, Ry = 10kQ, Veg = 0.8V, Unless Otherwise Specified 


(NOTE 4) 
PARAMETER TEST CONDITIONS TEMP. (°C) TYP UNITS 


DC SUPPLY CHARACTERISTICS 


[SunpWVotege —SSSCSC*idCOC“‘“‘CSCSC*dri(C COT oes Ts] es 
Vessco iY dT dT dma 

V&S = 2.0V 25, 70 400 450 pA 

VGS = 2.0V 400 580 


to 
sp 


‘ —_ 
on 


ANALOG DC CHARACTERISTICS 
Output Voltage Swing without Clipping 


25, 70 42.7 


+2.4 


+25 
+2.5 
2 


Vout = Vin Vio + 20mV 


Full 
Full 
Full 
Full 


Output Current 

Input Bias Current 

Output Offset Voltage 

Output Offset Voltage Drift (Note 3) 
SWITCHING CHARACTERISTICS 
Turn-On Time 

Turn-Off Time 

Output Glitch During Switching 
DIGITAL DC CHARACTERISTICS 
Input Logic Voltage 


oh, 
io) 


mV 
uV/PC 


50 


= 


nN i) 
on oO};]o 
—] oO 
on me) 


cacdl 
fe) 
oO 


320 


=| 


< n 


MPM ph 
Oy Org 


Full 
Full 
Full 
Full 4.7 
Full -20 


+ 
ol 
=) 


re) 


Oo ol= 
= =|c 
fel 


OV to 4V 
=1mA 


Input Current 


Tally Output High Voltage 4. 


Tally Off Leakage Current 
AC CHARACTERISTICS 


_ 


-3dB Bandwidth Rs = 50Q, Cy = 11pF 
Rs = 24Q, C, = 19pF 

Rs = 15Q, Cy = 34pF 

= 11, C, = 49pF 
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VTALLY = OV 


0.055 
0.07 
+0.004 
330 

2 


0.063 
0.08 
+0.006 


Full 
Full 
H 
H 
H 
MHz 


ee) 
ro) 
—_ 


= 


D 
7) 
mi} rm] rm] pr nm 
ALatata or 
= |r 
i 
o|l°o 
= 
NIT NIN 


VIDEO CROSS- 
POINT SWITCHES 


HA4404B 


Electrical Specifications Vsyppyy = +5V, Ry, = 10kQ, Vas = 0.8V, Unless Otherwise Specified (Continued) 


+0.1dB Flat Bandwidth 


Rs = 15Q, C, = 34pF 
Rs = 11, Cy = 49pF 
Input Resistance 

Input Capacitance 

Enabled Output Resistance 
Disabled Output Capacitance VGS = 2.0V 
4.43MHz, Note 3 
4.43MHz, Note 3 


Differential Gain 
Differential Phase 


Off Isolation 
Rp = 10Q 


1Vp_p, 30MHz 
Rg = 509, C, = 11pF 
Rg = 240, C, = 19pF 
Rg = 150, Cy = 34pF 
Rg = 112, C, = 49pF 


Crosstalk Rejection 
Slew Rate (1.5Vp_p, +SR/-SR) 


Total Harmonic Distortion 


Disabled Output Resistance 
NOTES: 


VGS = 2.0V 


(NOTE 4) 
PARAMETER TEST CONDITIONS TEMP. (°C) TYP UNITS 


Rg=son. =r | | | te | | wna 
Rs=eancu=toor | 2 [| - | 190 | - | Mme | 
137 MHz 


1Vp_p, 100MHz, V&S = 2.0V, 


10MHz, Ry. = 1kQ, Note 3 


e 
2 


MHz 


200 . 400 


mS 


— 
on 


—T 


0.01 
0.01 


0.02 
0.02 


% 


=k 
on 


5 

5 

5 

5 

5 1280/1260 
5 1190/1170 
5 960/930 
5 810/790 


0.01 


oO 
—_— 


— 


~N N 
i) o on 


3. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 
4. Units are 100% tested at 25°C; guaranteed, but not tested at 0°C and 70°C. 


AC Test Circuit 


5002 


4002 5102 


HA4404B 750 


V 
VIN OUT 


75Q 


HFA1100 


NOTE: C, = Cy + Test Fixture Capacitance. 
PC Board Layout 


The frequency response of this circuit depends greatly on 
the care taken in designing the PC board. The use of low 
inductance components such as chip resistors and chip 
capacitors is strongly recommended, while a solid 
ground plane is a must! 


Attention should be given to decoupling the power supplies. 
A large value (10uF) tantalum in parallel with a small value 
(0.1p.F) chip capacitor works well in most cases. 


Keep input and output traces as short as possible, because 
trace inductance and capacitance can easily become the 
performance limiting items. 


Application Information 
General 


The HA4404B is a 4 x 1 crosspoint switch that is ideal for the 
matrix element of high performance switchers and routers. 
This crosspoint’s low input capacitance and high input resis- 
tance provide excellent video terminations when used with 
an external 75Q resistor. Nevertheless, if several HA4404B 
inputs are connected together, the use of an input buffer 
should be considered (see Figure 1). This crosspoint con- 
tains no feedback or gain setting resistors, so the output is a 
true high impedance load when the IC is disabled (CS = 1). 


Ground Connections 


All GND pins are connected to a common point on the die, 
so any one of them will suffice as the functional GND con- 
nection. For the best isolation and crosstalk rejection, how- 
ever, all GND pins must connect to the GND plane. 


Frequency Response 


Most applications utilizing the HA4404B require a series out- 
put resistor, Rs, to tune the response for the specific load 
capacitance, C,, driven. Bandwidth and slew rate degrade as 
C,_ increases (as shown in the Electrical Specification table), 
SO give careful consideration to component placement to min- 
imize trace length. In big matrix configurations where C,_ is 
large, better frequency response is obtained by cascading two 
levels of crosspoints in the case of multiplexed outputs (see 
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Figure 2), or distributing the load between two drivers if C,_ is 
due to bussing and subsequent stage input capacitance. 


Control Signals 


CS - This is a TTL/CMOS compatible, active low Chip Select 
input. When driven high, CS forces the output to a true high 
impedance state and reduces the power dissipation by a fac- 
tor of 25. The CS input has no on-chip pull-down resistor, so 
it must be connected to a logic low (recommend GND) if the 
enable function isn’t utilized. 


AO, A1- These are binary coded, TTL/CMOS compatible 
address inputs that select which one of the four inputs con- 
nect to the crosspoint output. 


TO-T3 - The Tally outputs are open collector PNP transistors 
connected to V+. When CS = 0, the PNP transistor associ- 
ated with the selected input is enabled and current is deliv- 
ered to the load. When the crosspoint is disabled, or the 
channel is unselected, the Tally output(s) present a very high 
impedance to the external circuitry. Several Tally outputs may 
be wire OR’d together to generate complex control signals, as 
shown in the application circuits below. The Tally load may be 
terminated to GND or to V- as long as the continuous output 
current doesn’t exceed 3mA (6mA at 50% duty cycle, etc.). 


Switcher/Router Applications 


Figure 1 illustrates one possible implementation of a wideband, 
low power, 4 x 4 switcher/router utilizing the HA4404B for the 
switch matrix. A 4 x 4 switcher/router allows any of the four out- 
puts to be driven by any one of the four inputs (e.g., each of the 
four inputs may connect to a different output, or an input may 
connect to multiple outputs). This application utilizes the 


HA4600 (video buffer with output disable) for the input buffer, 
the HA4404B as the switch matrix, and the HFA1112 (program- 
mable gain buffer) as the gain of two output driver. Figure 2 
details a 16 x 1 switcher (basically a 16:1 mux) which uses the 
HA4201 (1 x 1 crosspoint) and the HA4404B in a cascaded 
stage configuration to minimize capacitive loading at each out- 
put node, thus increasing system bandwidth. 


Power Up Considerations 


No signals should be applied to the analog or digital inputs 
before the power supplies are activated. Latch-up may occur 
if the inputs are driven at the time of power up. To prevent 
latch-up, the input currents during power up must not exceed 
the values listed in the Absolute Maximum Ratings. 


Harris’ Crosspoint Family 


Harris offers a variety of 4 x 1 and 1 x 1 crosspoint switches. 
In addition to the HA4404B, the 4 x 1 family includes the 
HA4314 and HA4344. The HA4314 is a basic 14 lead device 
without Tally outputs. The HA4344 is a 16 lead crosspoint 
with synchronized control lines (AO, A1, CS). With synchroni- 
zation, the control information for the next channel switch 
can be loaded into the crosspoint without affecting the cur- 
rent state. On a subsequent clock edge the stored control 
state effects the desired channel switch. 


The 1 x 1 family is comprised of the HA4201 and HA4600. 
They are essentially similar devices, but the HA4201 
includes a Tally output. The 1 x 1s are useful as high perfor- 
mance video input buffers, or in a switch matrix requiring 
very high off isolation. 


INPUT BUFFERS SWITCH MATRIX 
EN 10kQ 
ee eee, Ga Caran) > 
SOURCE 0 «@ ~ 
OUT Rs 
75Q HA4600 
\J 
SOURCE 1 2 ; 
75Q 
® v, Y, 
@ 
SOURCE 2 2 
75Q 
EN 
SOURCE 3 ¢ AAA =z —_ | 
OUT Rs e ee e 10kQ 
75Q HA4600 
OUTPUT BUFFERS 
v, (HFA1112 OR HFA1115) X2 < X2 # X2 V + X2 
75Q 752 75Q 75Q 
OUTO OUT1 OUT2 OUT3 


FIGURE 1. 4 X 4 SWITCHER/ROUTER APPLICATION 
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POINT SWITCHES 


HA4404B 


SWITCHING MATRIX ISOLATION MUX OUTPUT BUFFER 
HA4404B 

SOURCEO 

S 

@ 

e 
SOURCES 

10k 
\/ 
EN RA, 

SOURCES > 

; HA4201 

e 

@ 
SOURCE7 

HFA1112 OR HFA1115 
750 
V vA > > OUT 
HA4404B aa 

SOURCES 

e 

e 

a 
SOURCE11 

10k 
\/ 
Mw 

SOURCE12 ¢ Sika 

e 

@ 

e 
SOURCE15 ¢ 


V HA4404B 
FIGURE 2. 16 X 1 SWITCHER APPLICATION 


Typical Performance Curves Vsuppty = +5V, Ta = 25°C, Ri, = 10kQ, Unless Otherwise Specified 


3 
< 
= 
© 
< S 
E E 
: g 
f g 
3 = 
_- 
a 
5 
oO 
TIME (5ns/DIV.) TIME (200ns/DIV.) 
FIGURE 3. LARGE SIGNAL PULSE RESPONSE FIGURE 4. CHANNEL-TO-CHANNEL SWITCHING RESPONSE 
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Typical Performance Curves Vsyppyy = +5V, Ta = 25°C, Ry, = 10kQ, Unless Otherwise Specified (Continued) 


qT PT 
EP OE 


GAIN (dB) 
GAIN (dB) 


FREQUENCY (MHz) FREQUENCY (MHz) 
FIGURE 5. FREQUENCY RESPONSE FIGURE 6. GAIN FLATNESS 
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“E Tee 


OFF ISOLATION (dB) 
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7) 

dy wl 

TL dua Bs 
awa ee 
Vin 5% 
FREQUENCY (MHz) r REQUENCY ane) = = 

FIGURE 7. ALL HOSTILE CROSSTALK REJECTION FIGURE 8. ALL HOSTILE OFF ISOLATION = 
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FIGURE 9. TOTAL HARMONIC DISTORTION vs FREQUENCY FIGURE 10. INPUT CAPACITANCE vs FREQUENCY 
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Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
65 mils x 118 mils x 19 mils Type: Nitride 
1640um x 3000um x 483um Thickness: 4kA +0.5kA 
METALLIZATION: TRANSISTOR COUNT: 
Type: Metal 1: AlCu (1%)/TiW 200 


Thickness: Metal 1: 6kA +0.8kA 
Type: Metal 2: AlCu (1% 


SUBSTRATE POTENTIAL (Powered Up): 


Thickness: Metal 2: 16kA +1.1 V- 
Metallization Mask Layout 
HA4404B 
GND INO TO V+ 


IN1 [ aowree ho 
hare =5y ia 
u i" Enffes "= See ee oi rs 
11 ri 4 =a a a 
ig SR ee el See ae nF 
—— = | cits 
+ 
NC ait i Cee = tS 
ao Sica 
" =— OUT 
poe ey Sib i= 
a | ie = ms sofas 
IN2 Ne 
GND - 


IN3 GND T3 V- 
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SeertenuelTet HA455 


ADVANCE INFORMATION 130MHz, 
November 1996 8 x 8 Video Crosspoint Switch 


Features Description 


Fully Buffered Inputs and Outputs (Ay = +1) The HA455 is the first 8 x 8 video crosspoint switch suitable 
for high performance video systems. Its high level of integra- 
tion significantly reduces component count, board space, 
Switches Standard and High Resolution Video Signals and cost. The crosspoint switch contains a digitally con- 
Serial or Parallel Digital Interface trolled matrix of 64 fully buffered switches that connect eight 
video input signals to any, or all, matrix outputs. Each matrix 
output connects to an internal, high-speed (250V/us), unity 
Wide Bandwidth 130MHz gain buffer capable of driving 400Q and 20pF to +2V. 


Routes Any Input Channel to Any Output Channel 


Expandable for Larger Switch Matrices 


High Slew Rate 250V/us For applications requiring gain or increased drive capability, 

‘ the HA455 outputs can be connected directly to two HFA1412 

O.DareG: Oe Degrees quad, gain of two video buffers, which are capable of driving 

Low Crosstalk at 10MHz 75Q loads. Another option which also provides gain capability 
is the HA457 170MHz, gain of two 8 x 8 crosspoint. 


Low Differential Gain/Phase 


App lications This crosspoint’s true high impedance three-state output 
e Professional Video Switching and Routing capability, makes it feasible to parallel multiple HA455s and 


e Security and Video Editing Systems forth latger switen maittioes. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C)| PACKAGE 


HA455CN 0 to 70 44 Ld MQFP M44.10x10 


Pinout 


HA455 (MQFP) 
TOP VIEW 


VIDEO CROSS- 
POINT SWITCHES 


INO 
pif _._} DO/SER IN 
|.) D1/SER OUT 


> 


_ 
e fj 


C©oOwmWON DW PP WD 


—— —_ 
nm 2 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 4264 
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@) HARRIS  HA456 


ADVANCE INFORMATION 80MHz, Low Power, 
November 1996 8 x 8 Video Crosspoint Switch 


Features Description 


e Fully Buffered Inputs and Outputs (Ay = +1) The HA456 is the first 8 x 8 video crosspoint switch suitable 
¢ Routes Any Input Channel to Any Output Channel for high performance video systems. Its high level of integra- 
tion significantly reduces component count, board space, 
and cost. The crosspoint switch contains a digitally con- 
Serial or Parallel Digital Interface trolled matrix of 64 fully buffered switches that connect eight 
video input signals to any, or all, matrix outputs. Each matrix 
; output connects to an internal, high-speed (170V/us), unity 
Wide Bandwidth gain buffer capable of driving 400Q and 20pF to +2V. 


High Slew Rate For applications requiring gain or increased drive capability, 

Low Differential Gain/Phase the HA456 outputs can be connected directly to two HFA1412 

Low Crosstalk at 10MHz quad, gain of two video buffers, which are capable of driving 

: ; 75Q loads. Another option which also provides gain capability 
Applications is the HA457 170MHz, gain of two 8 x 8 crosspoint. 


e Professional Video Switching and Routing This crosspoint’s true high impedance three-state output 
capability, makes it feasible to parallel multiple HA456s and 
form larger switch matrices. 


¢ Switches Standard and High Resolution Video Signals 


Expandable for Larger Switch Matrices 


¢ Security and Video Editing Systems 
Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


HA456CN 0to70 |44LdMQFP- |M44.10x10 
HA456CM 44 Ld PLCC N44.65 


Pinouts 


HA456 (MQFP) HA456 (PLCC) 
TOP VIEW TOP VIEW 


O + 
z> 
ll 


pif 7] DO/SER IN 
il. } D1/SER OUT 


1) Al 
aif) A2 


Ss 


=k oh 
-_o 
Ls) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


File Number 4153 
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@ HAR HA457 


ADVANCE INFORMATION 170MHz, Ay=+2, 8x 8 
November 1996 Video Crosspoint Switch 


Features Description 


* Fully Buffered Inputs and Outputs (Ay = +2) The HA457 is the first 8 x 8 video crosspoint switch suitable 
e Routes Any Input Channel to Any Output Channel for high performance video systems. Its high level of integra- 
¢ Switches Standard and High Resolution Video Signals _ tion significantly reduces component count, board space, 
and cost. The crosspoint switch contains a digitally con- 
i ; trolled matrix of 64 fully buffered switches that connect eight 
Expandable for Larger Switch Matrices video input signals to any, or all, matrix outputs. Each output 
Wide Bandwidth 170MHz_ connects to eight internal, high-speed (350V/us), gain of two 
High Slew Rate 350V/us buffers capable of driving 150Q and 20pF to +2.0V. 


Low Differential Gain/Phase 0.01%/0.02 Degrees The HI/LOPOWER lead may be strapped to GND for power 

Low Crosstalk at 10MHz Critical applications that don’t require "broadcast quality" 

. . video performance. In this low power mode, power dissipa- 
Applications tion decreases from 880mW to 560mW. 


¢ Professional Video Switching and Routing 


Serial or Parallel Digital Interface 


The HA457 will directly drive a double terminated video 
e Security Systems cable with some degradation of differential gain and phase. 
¢ Video Editing Applications demanding the best composite video perfor- 


; ; mance should drive the cable with a unity gain video buffer, 
Ordering Information such as the HFA1412 quad buffer. 


TEMP This crosspoint's three-state output capability, makes it feasible 
PART NUMBER | RANGE ("C)| PACKAGE to parallel multiple HA457s and form larger switch matrices. 


HA457CN 0 to 70 44 Ld MQFP M44.10x10 


VIDEO CROSS- 
POINT SWITCHES 


- 
=) 
1°) 
oc 
Ww 
g 
= 
Q 


INO 
rT) DO/SER IN 


> 
> 
o 
> 
RO 
> 
—_| 
> 


ak 
ez eee) ae] 


oON OO UW & W DY 


EDGE/LEVEL —— 


nS 


——_ —_ 
n- © 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 4231 
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Gg FARRIS 


SEMICONDUCTOR 


November 1996 


Features 

e Low Power Dissipation .................5. 105mW 
¢ Symmetrical Slew Rates................. 1700V/us 
* 0.108 Gain FIGINGSS.. ccc ccc vwcrsusecwnes 250MHz 
¢ Off Isolation (100MHZ)...............0 eee eee 85dB 
¢ Differential Gain and Phase ..... 0.01%/0.01 Degrees 
* HiGh ESD FaOUnG cskceccnaenttevaveswnn es >2000V 


TTL Compatible Enable Input 
improved Replacement for GB4600 


Applications 


Pinout Truth Table 
HA4600 
(PDIP, SOIC) Nt 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3990 2 


Copyright © Harris Corporation 1996 


Professional Video Switching and Routing 
Video Multiplexers 

HDTV 

Computer Graphics 

RF Switching and Routing 

PCM Data Routing 


HA4600 


480MHz, 
Video Buffer with Output Disable 


Description 


The HA4600 is a very wide bandwidth, unity gain buffer ideal 
for professional video switching, HDTV, computer monitor 
routing, and other high performance applications. The circuit 
features very low power dissipation (105mW Enabled, 1mW 
Disabled), excellent differential gain and phase, and very 
high off isolation. When disabled, the output is switched to a 
high impedance state, making the HA4600 ideal for routing 
matrix equipment and video multiplexers. 


The HA4600 also features fast switching and symmetric slew 
rates. A typical application for the HA4600 is interfacing 
Harris’ wide range of video crosspoint switches. 


For applications requiring a tally output (enable indicator), 
please refer to the HA4201 data sheet. 


Ordering Information 


PART NUMBER TEMP. 
(BRAND) RANGE (°C) 


HA4600CB O0to70 |8LdSOIC M8.15 
(4600CB) 
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Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- .......... 0... cee eee 12V_ ‘Thermal Resistance (Typical, Note 1) Ba (°C/W) 
Input Voltage. 0.2... ice ee eee eee ees VSUPPLY PDIP PaCkAQS <2. s cs scancvsutceeseusvsceues 130 
Digital Input Curent (NOG 2) .....cccscasvesancneence +25mA SOIC Package. ........ 0.0 c cece eee eee eee 170 
Output CUTTON 6. nen eee ce eemrteateecdvnd danni bboecne 20mA Maximum Junction Temperature (Die) oo Ase ACRE dae eee 175°C 
. wg: Maximum Junction Temperature (Plastic Package) ....... 150°C 
Operating Conditions Maximum Storage Temperature Range ......... -65°C to 150°C 
TOMPGIGtUIG FANGS... sevcv ese eevee en Wandea nes 0°C to 70°C ~=Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. @ja is measured with the component mounted on an evaluation PC board in free air. 
2. If an input signal is applied before the supplies are powered up, the input current must be limited to this maximum value. 


Electrical Specifications Vsyppyy = +5V, Ry = 10kQ, Ven = 2.0V, Unless Otherwise Specified 


[PARAMETER ____| TESTCONDTIONS [TEMP CO] WN] TP] WAX] UNITS | 
DC SUPPLY CHARACTERISTICS 

[Suppyvotage—SSSCSC~dSC“‘“‘CSCC(’CO CD ws] 50] 5 [ V 
ens dd es ma 
Wen=oev «dt ao] —*dY ao is | 
ven=oev +o | 10 [vas] ua 


|» |_| ma 


ANALOG DC CHARACTERISTICS 


Output Voltage Swing without Clipping 


ee ee 
Cn 

[npu Bas Curent Fe r 
SWITCHING CHARACTERISTICS : = 
Funontine ee ed | 
Pun-oftine es me oe] | 8S 
DIGITAL DC CHARACTERISTICS Q. 
[nputtogerigh Volage [a 

Inputtoge tow Votage per 
FENInputCurrent ft {Ful mae ae ae 


OV to 4V 


a 
; 


EN Input Current 

AC CHARACTERISTICS 
Insertion Loss 

-3dB Bandwidth 


1Vp-p 

Rg = 82Q, Cy = 10pF 
Rs = 43Q, C, = 15pF 
Rs = 36Q, C, = 21pF 
Rs = 82Q, C, = 10pF 


Full 
5 
| 
| 
Rs = 439, C, = 15pF 
5 
|Full 
Full | 
Full | 
Full 
| 


7 
= 
fo) 
ro) 
an 


N 
o1 


+0.1dB Flat Bandwidth 


©) 
oO 
ro) 
= 
aL 
N 


Rg = 36Q, C, = 21pF 


Input Resistance 


Disabled Output Capacitance VEN = 0.8V 


Differential Gain (Note 3) 4.43MHz 
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Electrical Specifications Vsyppyy = +5V, Ry = 10kQ, Ven = 2.0V. Unless Otherwise Specified (Continued) 


Slew Rate (1.5Vp_p, +SR/-SR) 


Total Harmonic Distortion (Note 3) 


Disabled Output Resistance 
NOTE: 


PARAMETER TEST CONDITIONS —_| TEMP. _ Seth ee UNITS 
Differential Phase (Note 3) 4.43MHz 


Ven = 0.8V, R, = 100 
Tas = 800.6, toor | 28 


Ce 


arson |_| vis 

Prasons60[ | vis 

Ee a 
or 
a 


2 


3. This parameter is not tested. The limits are guaranteed based on lab characterization, and reflect lot-to-lot variation. 


AC Test Circuit 


9 Vout 
HFA1100 


NOTE: C, = 
PC Board Layout 


The frequency response of this circuit depends greatly on the 
care taken in designing the PC board. The use of low induc- 
tance components such as chip resistors and chip capaci- 
tors is strongly recommended, while a solid ground plane 
is a must! 


Cy + Test Fixture Capacitance. 


Attention should be given to decoupling the power supplies. 
A large value (10uF) tantalum in parallel with a small value 
(0.1p.F) chip capacitor works well in most cases. 


Keep input and output traces as short as possible, because 
trace inductance and capacitance can easily become the 
performance limiting items. 


Application Information 
General 


The HA4600 is a unity gain buffer that is optimized for high per- 
formance video applications. The output disable function 
makes it ideal for the matrix element in small, high input-to-out- 
put isolation switchers and routers. This buffer contains no 
feedback or gain setting resistors, so the output is a true high 
impedance load when the IC is disabled (EN = 0). The HA4600 
also excels as an input buffer for routers with a large number of 
outputs (i.e. each input must connect to a large number of out- 
puts) and delivers performance superior to most video amplifi- 
ers at a fraction of the cost. As an input buffer, the HA4600’s low 
input capacitance and high input resistance provide excellent 
video terminations when used with an external 75Q resistor. 


Frequency Response 


Most applications utilizing the HA4600 require a series out- 
put resistor, Rs, to tune the response for the specific load 
capacitance, C,, driven. Bandwidth and slew rate degrade 


as C; increases (as shown in the Electrical Specification 
table), so give careful consideration to component place- 
ment to minimize trace length. As an example, -3dB banda- 
width decreases to 160MHz for C, = 100pF, Rg = 022. In big 
matrix configurations where C, is large, better frequency 
response is obtained by cascading two levels of crosspoints 
in the case of multiplexed outputs (see Figure 2), or distribut- 
ing the load between two drivers if C,_ is due to bussing and 
subsequent stage input capacitance. 


Control Signals 


EN - The ENABLE input is a TTL/CMOS compatible, active 
high input. When driven low this input forces the output to a 
true high impedance state and reduces the power dissipa- 
tion by two orders of magnitude. The EN input has no on- 
chip pull-up resistor, so it must be connected to a logic high 
(recommend V+) if the enable function isn’t utilized. 


Switcher/Router Applications 


Figure 1 illustrates one possible implementation of a wide- 
band, low power, 4 x 4 switcher/router. A 4 x 4 
switcher/router allows any of the four outputs to be driven by 
any one of the four inputs (e.g. each of the four inputs may 
connect to a different output, or an input may connect to mul- 
tiple outputs). This application utilizes the HA4600 for the 
input buffer, the HA4404 (4 x 1 crosspoint switch) as the 
switch matrix, and the HFA1112 (programmable gain buffer) 
as the gain of two output driver. Figure 2 details a 16 x 1 
switcher (basically a 16:1 mux) which uses the HA4600 in a 
cascaded stage configuration to minimize capacitive loading 
at each output node, thus increasing system bandwidth. 


Power Up Considerations 


No signals should be applied to the analog or digital inputs 
before the power supplies are activated. Latch-up may occur 
if the inputs are driven at the time of power up. To prevent 
latch-up, the input currents during power up must not exceed 
the values listed in the Absolute Maximum Ratings. 


Harris’ Crosspoint Family 


Harris offers a variety of 1 x 1 and 4 x 1 crosspoint switches. In 
addition to the HA4600, the 1 x 1 family includes the HA4201 
which is an essentially similar device that includes a Tally output 
(enable indicator). The 4 x 1 family is comprised of the HA4314, 
HA4404, and HA4344. The HA4314 is a 14 lead basic 4 x 1 
crosspoint. The HA4404 is a 16 lead device with Tally outputs 
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to indicate the selected channel. The HA4344 is a 16 lead switch can be loaded into the crosspoint without affecting the 
crosspoint with synchronized control lines (AO, A1, CS). With current state. On a subsequent clock edge the stored control 
synchronization, the control information for the next channel _ state effects the desired channel switch. 


INPUT BUFFERS SWITCH MATRIX 
10kQ 


EN 
a 
SOURCEO oS OUT : poems, i came ——<—}$| | 1—— vy, 
75Q s INO TO INO TO 


cs 


SOURCE1 


752 
° HA4404 


SOURCE2 e OUT 


75Q 


SOURCES ¢ Pale 
OUT 5 


Ss 
70> BASSO OUTPUT BUFFERS x / xN/ xN/ Lx 


/ (HFA1112 OR HFA1115) 
75Q 75Q 75Q 75Q 


10kQ 


OUTO OUT1 OUT2 OUT3 
FIGURE 1. 4 x 4 SWITCHER/ROUTER APPLICATION 


SWITCHING MATRIX ISOLATION MUX OUTPUT BUFFER 


SOURCEO 


SOURCE3 
10kQ 


V 
EN Rg 


> 


HA4600 


SOURCE4 


VIDEO CROSS- 
POINT SWITCHES 


SOURCE7 
HFA1112 OR HFA1115 


750 
V v | > OUT 
HA4404 = 


SOURCES 


SOURCE11 


SOURCE12 ¢ 
® 
® 
co) 


SOURCE15 © 


V HA4404 
FIGURE 2. 16 x 1 SWITCHER APPLICATION 
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Typical Performance Curves vsuppy = +5V, Ta = 25°C, Ri = 10kQ, Unless Otherwise Specified 


OUTPUT VOLTAGE (V) 


TIME (5ns/DIV.) 


FIGURE 3. LARGE SIGNAL PULSE RESPONSE 


oe ee 
ee 
ee wai 2 a\il 
a NY | 

en 
Ferrin Coit HT 


100 750 
aeereace (MHz) 


GAIN (dB) 


FIGURE 5. FREQUENCY REPONSE 


OFF ISOLATION (dB) 


qc 1.15 fil 

Sot LL ET 
wi 1.10 

woh il ma ~ 

il 


100 500 
on (MHz) 


FIGURE 4. INPUT CAPACITANCE vs FREQUENCY 


Rg = 362 Rg = 430 
BLT ME cece Fda 
NA 
| VER 
Rais wae 
aims | | 
PT TT EEA 
LTH ET zai 


100 500 
-epuaace rac 


Rs = 82 
C. = 10pF 


FIGURE 6. GAIN FLATNESS 


100 500 


FREQUENCY (MHz) 
FIGURE 7. OFF ISOLATION 
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Die Characteristics 


DIE DIMENSIONS: 


51 mils x 36 mils x 19 mils 
1290um x 910um x 483um 


METALLIZATION: 


Type: Metal 1: AlCu (1%)/TiW 
Thickness: Metal 1: 6kA +0.8kA 


Type: Metal 2: AlCu (1%) 
Thickness: Metal 2: 16kA +1.1kA 


Metallization Mask Layout 


EN 


V+ 


OUT 


HA4600 


SUBSTRATE POTENTIAL (Powered Up): 


\- 
PASSIVATION: 


Type: Nitride 
Thickness: 4kA +0.5kA 


TRANSISTOR COUNT: 
53 


HA4600 


us Mey 


She ae P| | 


aia, — JS 1 


Ci aalaLi- 


= 


1SAZ20R21R22A Sigso4vAol =! 
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GND 


NC 


VIDEO CROSS- 
POINT SWITCHES 


7 


LINEAF 


TRANSISTOR AND DIODE ARRAYS, 
AND DIFFERENTIAL AMPLIFIERS 


PAGE 
SELB HGh GUIS £5 o¢ncsarere cub ela ke ds Kane NENER ESOS CEOS SOW RE SERENE SOOT O CORD dene eRe CaS wed 7-2 
TRANSISTOR AND DIODE ARRAY, AND DIFFERENTIAL AMPLIFIER DATA SHEETS 
CA3018, CA3018A aenbial PUIOSS TIANSISIOl ANGUS... ceca sceceredcnstessce en eeteskasdeeenmaseuncss 7-5 
CA3028A, CA3028B, Differential/Cascode Amplifiers for Commercial and Industrial Equipment 
CA3053 OI LG I LOT at vs oe cae bs eS Oh SOs ese eek Nee EE Ree CRORE R REO 7-6 
CA3039 Re ge ee ee Te a a eee eee ee ae ee ee ee ee 7-18 
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CA3054 Dual Independent Differential Amp for Low Power Applications from DC to 120MHz................ 7-37 
CA3081, CA3082 General Purpose High Current NPN Transistor Arrays... ......... 0.0. c eee eee eee eee 7-45 : 
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CA3086 General Purpose NPN Transistor Array ....ccccccasccaeswees seen sense eseweneee enous 7-52 =. m7 
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Selection Guide 


DIFFERENTIAL AMPLIFIERS: Typical Values, Unless Otherwise Specified 


TYPE DESCRIPTION 


CA3028A | Differential/ 
Cascode 
CA3028B Amplifiers 
CA3049 Dual High 
Frequency 
CA3053 Differential/Cas- 
code Amplifier 
CA3054 Dual 
Independent 
CA3102 Dual High 
Frequency 


(NOTE 5) 
AGC | LEADCT 
RANGE | AND PKG 


(NOTE 4) 
FEATURES 


¢ Balanced Differential Amplifier Con- 
figuration with Controlled Constant 
Current Source 

¢ FF, IF and Video Frequency 
Capability 

e Balanced AGC Capability 

¢ Operation from DC to 500MHz 

¢ CA3028B is Controlled for Input 
Offset Voltage, Current, and Input 
Bias Current, and is Intended for “Bal- 
ance” Requirements 

¢ Push-Pull Inputs and Outputs 

¢ CA3028 and CA3053 are Identical 

Except for 100MHz Noise 


8 PDIP, 8 
SOIC, 
8 Metal 


120 a 62 
500 22 1.35 4.6 75 12 Metal 
(Note 2) Can 
120 40 Recommended for IF Amplifi- 
er Applications 8 Metal 
Can 
120 32 550 3.25 75 14 PDIP, 
(Note 3) 14 SOIC 
500 22 1.35 4.6 75 14 PDIP, 
(Note 2) 14 SOIC 


Specification 
NOTES: 
1. Power Gain (Gp) Min. at 100MHz: Cascode = 16dB; Differential Amplifier = 14dB. 
GHz. 
. f+ (MHz). 


. Ty Range: -55°C to 125°C except for type CA3054 (0°C to 85°C). 
. See Linear Package Selection Guide in Section 11. 


oO fF Ww LD 


TRANSISTOR ARRAYS: Electrical Characteristics Ty = 25°C 


(NOTE 1) 
TYPE DESCRIPTION (MIN) V (MIN) V PACKAGE TYPE 
CA3045 Three Transistors Plus a 15 20 40 50 14 CERDIP, 
Differential Pair 14 SBDIP 


f > 300MHz. 2 matched pairs +5mV 
CA3081 General-Purpose NPN 16 100 16 PDIP, 16 CERDIP 
High-Current Transistors Sayven Common-Emitier 16 SOIC (150 mil) 
CA3082 16 20 100 16 PDIP, 16 CERDIP, 
Seven Common-Collector 16 SOIC (150 mil) 


CA3083 15 20 100 16 PDIP, 16 CERDIP, 
Five independent transistors. Q; and Qo matched; Ijo (at 16 SOIC (150 mil) 
1mA) 2.5uA Max 

CA3086 Three Isolated Transistors Plus a 15 50 14 PDIP, 14 CERDIP, 

Differential Pair f+ > 550MHz Typ Operation from DC to 120MHz 14 SOIC 

CA3127 Five Independent Transistors 15 20 20 16 PDIP, 

16 SOIC (150 mil) 


CA3146 Three Transistors Plus a 14 PDIP, 14 SOIC 


CA3146A Differential Pair 
fy > 500MHz Typ Operation from DC to 120MHz 
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Selection Guide 


TRANSISTOR ARRAYS: Electrical Characteristics T, = 25°C (Continued) 


(NOTE 1) 
Vier)ceo | Ver) cso Ic (MAX) | LEAD COUNT AND 
TYPE DESCRIPTION (MIN) V (MIN) V hee (MIN) mA PACKAGE TYPE 


| CA3183 Five High-Current Transistors 16 PDIP, 


ee ee ee 
Coos aia aa 


High-Voltage Versions of CA3083 Transistors 
Q, and Qy Matched at imA 


CA3227 Five Independent Transistors ee eee eee 16 PDIP, 
fy = 3GHz Typ Operation from DC to 1.5GHz 16 SOIC (150 mil) 


CA3246 Three Independent Transistors ee ee 14 PDIP, 14 SOIC 


Plus a Differential Pair f+ = 3GHz Typ Operation from DC to 1.5GHz 


V(BR) CEO VBR) CBO (NOTE 1) 
(MIN) V (MIN) V hee (MIN) Ic (MAX) | LEAD COUNT AND 
TYPE DESCRIPTION NPN/PNP NPN/PNP NPN/PNP NPN/PNP PACKAGE TYPE 


| CAS096 | Five Independent Transistors, 35/-40 45/-40 150/20 50/-10 16 PDIP, 


3 NPN, 2 PNP 16 SOIC (150 mil) 


cm 35/-40 45/-40 150/20 50/-10 


CA3096C 24/-24 30/-24 100/15 50/-10 16 PDIP 
Iliol = 0.64A Max 0.25nA Max 


Plus an NPN Differential Pair 
IViol = SmV Max 


HFA3096 Three 8GHz NPN Transistors 16 SOIC (150 mil) 
Plus Two 5.5GHz PNP 
Transistors 


HFA3127 Five Independent 8GHz NPN 16 SOIC (150 mil) 
Transistors 


HFA3128 Five Independent 5.5GHz PNP 16 SOIC (150 mil) 


Transistors NF = 3.5dB at 1GHz 
NOTE: 


1. See Linear Package Selection Guide in Section 11. 


AMPLIFIERS 


ARRAYS AND DIFF. 


DIODE ARRAYS: Tz = 25°C. Apply for Each Diode 


(NOTE 1) 
V (BR) R Ve1- Veo PIN COUNT AND 
TYPE DESCRIPTION (MIN) V In (MAX) pA Cp (TYP) pF (MAX) mV PACKAGE TYPE 
12 Metal Can 


—_ 
1. See Linear Package Selection Guide in Section 11. 
2. Six connected to form 3 common-cathode pairs. Four connected to form 2 common-anode diode pairs. 
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- Features 


Matched Monolithic General Purpose Transistors 


Nee MAICNG0 <ccccicciniaciveners we teenew ns +10% 
Vee Matched 

© RBUIE A i6 ei bed oat de eens Tey rad h sx Owe te +2mV 
| ee ee See ee ee ee Ter +5mV 


Operation From DC to 120MHz 
Wide Operating Current Range 


CA3018A Performance Characteristics Controlled 
from 10LA to 10mA 


e Low Noise Figure.............. 3.2dB (Typ) at 1kHz 
e Full Military Temperature Range ..... -55°C to 125°C 
Applications 


Two Isolated Transistors and a Darlington Connected 
Transistor Pair for Low Power Applications at 
Frequencies from DC through the VHF Range 


Custom Designed Differential Amplifiers 
Temperature Compensated Amplifiers 


See Application Note, AN5296 “Application of the 


Description 


The CA3018 and CA3018A consist of four general purpose 
silicon NPN transistors on a common monolithic substrate. 


Two of the four transistors are connected in the Darlington 
configuration. The substrate is connected to a separate 
terminal for maximum flexibility. 


The transistors of the CA3018 and the CA3018A are well 
suited to a wide variety of applications in low power systems 
in the DC through VHF range. They may be used as discrete 
transistors in conventional circuits but in addition they 
provide the advantages of close electrical and thermal 
matching inherent in integrated circuit construction. 


The CA3018A is similar to the CA3018 but features tighter 
control of current gain, leakage, and offset parameters 
making it suitable for more critical applications requiring 
premium performance. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 
CA3018 -55 to 125 | 12 Pin MetalCan |712.B 
CA3018A -55 to 125 {12 Pin MetalCan |1T12.B 


CA3018 Integrated Circuit Transistor Array” for 
Suggested Applications 
Pinout 
CA3018, CA3018A 
(METAL CAN) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 
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SUBSTRATE 


File Number 


018, CA3018A 


--General Purpose Transistor Arrays 


338.3 


ARRAYS AND DIFF. 
AMPLIFIERS 


FARRIS 


SEMICONDUCTOR 


CA3028A, CA3028B, 


CA3053 


Differential/Cascode Amplifiers for Commercial 


November 1996 


Features 


¢ Controlled for Input Offset Voltage, Input Offset 
Current and Input Bias Current (CA3028 Series Only) 


¢ Balanced Differential Amplifier Configuration with 
Controlled Constant Current Source 


e Single-Ended and Dual-Ended Operation 


Applications 
RF and IF Amplifiers (Differential or Cascode) 
DC, Audio and Sense Amplifiers 
Converter in the Commercial FM Band 
Oscillator 
Mixer 
Limiter 


Related Literature 


- Application Note AN5337 “Application of the 
CA3028 Integrated Circuit Amplifier in the HF and 
VHF Ranges.” This note covers characteristics of 
different operating modes, noise performance, 
mixer, limiter, and amplifier design considerations 


Pinouts 


CA3028A/B, CA3053 
(METAL CAN) 
TOP VIEW 


CA3028A/B, (PDIP, SOIC) 
CA3053 (PDIP) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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and Industrial Equipment from DC to 120MHz 


Description 


The CA3028A and CA3028B are differential/cascode 
amplifiers designed for use in communications and industrial 
equipment operating at frequencies from DC to 120MHz. 


The CA3028B is like the CA3028A but is capable of pre- 
mium performance particularly in critical DC and differential 
amplifier applications requiring tight controls for input offset 
voltage, input offset current, and input bias current. 


The CA3053 is similar to the CA3028A and CA3028B but is - 
recommended for IF amplifier applications. 


Ordering Information 


PART NUMBER TEMP. 
(BRAND) RANGE (°C) 
CA3028A -55 to 125 | 8 Pin Metal Can 
CA3028AE -55 to 125 |8Ld PDIP 


CA3028AM -55to125 |8LdSOIC M8.15 
(3028A) 

CA3028AM96 -55to125 |8LdSOICTape |M8.15 
(3028A) and Reel 

CA3028B -55 to 125 |8 Pin Metal Can 
CA3028BE -55 to 125 |8Ld PDIP 


CA3028BM -55 to 125 |8Ld SOIC M8.15 


(3028B) 


CA3053 -55 to 125 |8 Pin Metal Can 
CA3053E -55to125 |8LdPDIP 


Schematic Diagram 
(Terminal Numbers Apply to All Packages) 


SUBSTRATE 
AND CASE 


File Number 


382.3 


CA3028A, CA3028B, CA3053 


Operating Conditions Thermal Information 
Temperature Range ................00 eee eee -55°C to 125°C Thermal Resistance (Typical, Note 1) Bn (CCIW) 8jo (CCW) 
Metal Can Package............... 225 140 
POIP PACKAUG css can cece enaws ena 155 N/A 
SOUS PORGOG: 64560584 6e%0 se05n 185 N/A 
Maximum Junction Temperature (Metal Can Package) ....... 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range .......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. Oya is measured with the component mounted on an evaluation PC board in free air. 


Absolute Maximum Voltage Ratings Ta, = 25°C 


The following chart gives the range of voltages which can be applied to the terminals listed : 
horizontally with respect to the terminals listed vertically. For example, the voltage range of the Absolute Maximum 
horizontal Terminal 4 with respect to Terminal 2 is -1V to +5V. Current Ratings 


vo | + | 2 | st. [is [is | |e 
NO. 7 
ps | [res | ice | own | | PY | P® cs) 
(Note 4) | (Note 4) | (Note 4) (Note 5) 
pe | 
(Note 6) (Note 6) 

(Note 6) | (Note 7) | (Note 6) | (Note 7) 
| | 
(Note 6) 
| | | 

(Note 5) 
P| | | 


<. 2) 


ee ee 
NOTES: 


2. Terminal No. 3 is connected to the substrate and case. 


3. Voltages are not normally applied between these terminals. Voltages appearing between these 
terminals will be safe, if the specified voltage limits between all other terminals are not exceeded. 


. Limit is -12V for CA3053. 
. Limit is +15V for CA3053. 
. Limit is +12V for CA3053. 
7. Limit is +24V for CA3028A and +18V for CA3053. 


ARRAYS AND DIFF. 
AMPLIFIERS 


on - 


Electrical Specifications Ta = 25°C 


CA3028A CA3028B 
PARAMETER SYMBOL| TEST CONDITIONS 


ruin | tye [MAX[ min | TvP [MAX WAX. 
DC CHARACTERISTICS 
imput Ofset Vallags Voo=8V.vec=-v J -] -[-]-]os[so]-] -][-[_ 
omen | aera ft pete ta 
input Ofsat Ourent Voo=6V.Vee=-V | -| | -]—|ose]so]-| -|~-|ua_ 
omen | peared ee 
input Bias Current Voo=6V.Vee=ev | - | 166] 70] | tee] o|-| -|—| oa 
Figures 2,8, 18, 16 Voo=12V,Ver=-12v | - | 36 [vos] | oo [oo] -| -|—_ 
SS Saaaeens 
vecwtw__-t-1-1-1-1-1-1— 
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CA3028A, CA3028B, CA3053 


Electrical Specifications T, = 25°C (Continued) 


CA3028A CA3028B 
PARAMETER SYMBOL] TEST CONDITIONS 


DYNAMIC CHARACTERISTICS 


NF 
Vec=9V_ | Diff. Amp. 


Diff. Amp. 
Reverse Transfer Y42 f= 10.7MHz, | Cascode 
Admittance Voc =9V 
(Figures 29, 30) Diff. Amp. 
Yo4 f= 10.7MHz, | Cascode 

Voc =9V 


Output Admittance f= 10.7MHz, 
(Figures 33, 34) Voc =9V 


Power Gain (Figures 5, 
6, 7, 22, 24, 26) 


Diff. Amp. 
Cascode 
(Note 8) 


LMIN | TYP | MAX] MIN | TYP [MAX] MIN | TYP_| MAX] UNIT 
Guiescent Operating Veo=WV.ver=-v Jos|ies|eofio[tas[is] | | -|ma 
Current (Figures, 3,17 Voo=12V, Vee=-12V | 20 copes 3s [of —|— || ma_ 
ita Voo=8V ae Se A ee ee 
Vec=ew «dt | | -f-] | -J2o] 33 [so] ma, 
AGO Bias Gurren 7 Woo= 12 Vao=v | - [ree] -]-|iet-]-]-|- [rm 
(nto Constant Cure Voo=12V.Vaac=tav J [v0 -[-|r5]-]-]—|—|ma_ 
ource 1ermina 

(Figures 4, 20) Ee ae ES EAE EEE 
Meo= tv ss te ma | 
input Curent 7 Woc=6V.Vec=v Jos] oas[iofos|oa [io] | - |] ma 
(Terminal 7) Voo= 12V,Vee=-12V J 10 | 1.65 ves perf | [- | ma_ 
Power Dissipation Pr [Vcc=6V. Vec=-v 2 | a6 | safes] oo |e] | | —|w 
(Figures 2, 3, 21) Voc =12V, Vee=-12V J 120|{ 175 | 260 120] 175 | 220} - | - | - | mw. 
Voo=8V es ee 
Meow 00 180 fm 

p= 

= 


iw) 
5 = 
©» 
@3 
3 
ine) 


@wi—-~i] — 

fo) aT Rin 
° —- ~€© 
_— 
oT 


oO 


PIN} wf wlalr 
“NIT Po ine) OTN] oO 
ON ie) wi—] rh 
“J } Po ine) OTN oO 


Noise Figure (Figures 5, 
6, 7, 23, 25, 26) 


Input Admittance 
(Figures 27, 28) 


— 2 
~~ oF 
O + 
=O 
=~ o) 
O + 


= O 
S ul: 
4 
a 2 i) wo 
Sault o 
RO © 


On 
Oy 


' 
we Ww 
a 

+ 


oO 
(oo 
os 
a) 
oO 
Ps 
—_— 
' 
So 
S 2c 
=16 
‘ 


So 
32 
= 
S 


Forward Transfer 
Admittance 
(Figures 31, 32) 


=8 
ioe) 1 


So 
on 


Pe o> ip ree 
wo] ot ha) 
oOlo hm BLO 4g |; 

© 4+ | © 


So 
Sie’ 
3 + 


— © 
“1s 2 
N 

oO + 


Output Power (Untuned) 
(Figures 8, 35) 


f = 10.7MHz, 
Voc =9V 


ine) 


AGC Range (Maximum 
Power Gain to Full Cut- 
off) (Figures 9, 36) 


Voltage Gain f = 10.7MHz, 
(Figures 10, 11, 37, 38) Voc = 9V, 


A 
Rp = 2kQ 
Voc = 12V, Veg =-12V, 
Ry = 1.6kQ 


Differential Voltage Gain 
at f = 1kHz (Figure 12) 


ae > fsa ' 
2] S18} 8] Sin SloPlS yee 
tose 14 1™ » 
ts aaa 
ao Nh 


b 
Nm 
on 


Pal al (Pop chp pep ed pf ppp ap elsfa 
SoS on (ee) (oo 8 oe ep) 
éo 
a | 
+ 
= 7) 7) 7) 7) 7) n a) 7) 
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CA3028A, CA3028B, CA3053 


Electrical Specifications Ts = 25°C (Continued) 


CA3028A 
PARAMETER SYMBOL| TEST CONDITIONS 


Max Peak-to-Peak Vo(P-P) | Vcc = 6V, Veg = -6V, 


CA3028B 


E 
< 
Uv 


Output Voltage at f = 1kHz Ry = 2kQ 
(Figure 12) Voc = 12V, Veg = -12V, 
Ry = 1.6kQ 


Bandwidth at -3dB Point 
(Figure 12) 


= N 
on ros) 
-) 
ip ~} oN 
oi rot wo o 


BW Voc = 6V, Veg = -6V, 
Ry = 2kQ 
Voc = 12V, Veg = -12V, 
Ry = 1.6kQ 


Common Mode Input Vomrm_ | Voc = 6V, Veg = -6V 
Voltage Range 


w] ro 
alo 
me 
ro) 

' 

nm 

on 


(Figure 13) Voc = 12V, Veg = -12V -5.0 | -7 to 
-9 

Common Mode Rejec- | CMRR {Vcc =6V, Veg = -6V | 60 | 110 
tion Ratio (Figure 13) Voc = 12V, Veg = -12V | 60 | 90 | 
Input Impedance at Zin. |Voc = 6V, Veg = -6V | = | 55 | 
ee Voc = 12V, Vee = -12V | = | 3.0 
Peak-to-Peak Output f= 10.7MHz, 
Current CIN = Voc = 12V : 4.5 

400mV, 

Diff. Amp. 


NOTE: 
8. Does not apply to CA3053. 


Test Circuits 


Vcc 
SUF RN 4KO 1kQ 
= eee i 
2700 } Your FLUKE TYPE a - 
(6) 80 OR EQUIV. O in 
2.72 2.72 (8) = z 
2 YY 
= oO 
3 = @ 2 = 
+ oc <q 
2.72 2.72 rz 
— <q 
2702 NOTE 9 7) O 
vio f PQ, ] © 
NOTE 10 7 3uF 
= oe = 
NOTES: NOTE: Power Dissipation = IgVeet (lg tle)Voc: 
9. Adjust Ry for Voyt = OV +0.1V. 
10. Record Input Offset Voltage. 
FIGURE 1. INPUT OFFSET VOLTAGE TEST CIRCUIT FOR FIGURE 2. INPUT OFFSET CURRENT, INPUT BIAS CURRENT, 
CA3028B POWER DISSIPATION, AND QUIESCENT 
OPERATING CURRENT TEST CIRCUIT FOR 
CA3028A AND CA3028B 


CA3028A, CA3028B, CA3053 


Test Circuits (continued) 


Vcc 


Voc 


NOTE: Power Dissipation = Vcoclg3. 


FIGURE 3. INPUT BIAS CURRENT, POWER DISSIPATION AND FIGURE 4. AGC BIAS CURRENT TEST CIRCUIT (DIFFERENTIAL 
QUIESCENT OPERATING CURRENT TEST CIRCUIT AMPLIFIER CONFIGURATION) FOR CA3028A AND 
FOR CA3053 CA3028B 


Vcc 


50 RF 
VOLTMETER 
(NOTE 14 OR 
NOISE AMP 
(NOTE 15) 


VOLTMETER 
(NOTE 11) OR 
50Q SIGNAL NOISE AMP 

SOURCE (NOTE 12) 
(NOTE 11) OR 
NOISE DIODE 

(NOTE 12) 


502 SIGNAL 


C; Co Ly Lo 
eo] om [wh | oto | ly 


f Co L, Lo 
me] om | oF | ato | at 
[707 [eo-e0[z0-c0[ 3-5 [35 


NOTES: NOTES: 
11. For Power Gain Test. 14. For Power Gain Test. 
12. For Noise Figure Test. 15. For Noise Figure Test. 
13. 10.7MHz Power Gain Test Only. 16. 10.7MHz Power Gain Test Only. 
FIGURE 5. POWER GAIN AND NOISE FIGURE TEST CIRCUIT FIGURE 6. POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
(CASCODE CONFIGURATION) FOR CA3028A, (DIFFERENTIAL AMPLIFIER CONFIGURATION 
CA3028B AND CA3053 (NOTE 3) AND TERMINAL 7 CONNECTED TO VCC) FOR 


CA3028A, CA3028B AND CA3053 (NOTE 3) 


CA3028A, CA3028B, CA3053 


Test Circuits (Continued) 


5kQ 


502 RF 
VOLTMETER 


NOISE AMP 


SOURCE 
(NOTE 17) OR 
NOISE DIODE 
(NOTE 18) 


f C, | Co Ly Lo 
(MHz) | (pF) | (pF) (uH) (uH) 


NOTES: 
17. For Power Gain Test. 


18. For Noise Figure Test. 
FIGURE 7. POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
(DIFFERENTIAL AMPLIFIER CONFIGURATION) 
FOR CA3028A AND CA3028B 


5kQ 


C; 


50Q 
SIGNAL 
SOURCE 


f C Li Lo 
(MHz) | (pF) (uH) (uH) 


FIGURE 9. AGC RANGE TEST CIRCUIT (DIFFERENTIAL 
AMPLIFIER) FOR CA3028A AND CA3028B 


(NOTE 17) OR 


0.01,F 


FIGURE 8. OUTPUT POWER TEST CIRCUIT FOR CA3028A 
AND CA3028B 


FIGURE 10. TRANSFER CHARACTERISTIC (VOLTAGE GAIN) TEST 
CIRCUIT (10.7MHz) CASCODE CONFIGURATION FOR 
CA3028A, CA3028B AND CA3053 


ARRAYS AND DIFF. 
AMPLIFIERS 


CA3028A, CA3028B, CA3053 


Test Circuits (Continued) 


Vee 


102 


INPUT  0.01)LF OUTPUT 
502 
10uH 0.01pF 


FIGURE 11. TRANSFER CHARACTERISTIC (VOLTAGE GAIN) 
TEST CIRCUIT (10.7MHz) DIFFERENTIAL 
AMPLIFIER CONFIGURATION FOR CA3028A, 
CA3028B AND CA3053 


5uF 


Vx RANGE 


OF COMMON 
MODE REJECTION 


NOTES: 
19. For CMR test: S; to GND. 
20. For Input Common Mode Voltage Range Test: Sj to Vx. 


(A)(2)(0.3) 


21. Common Mode Rejection Ratio = 20l09 107 (RMS) 
DIFF 


A = Single-Ended Voltage Gain. 


OSCILLOSCOPE 
WITH HIGH 
GAIN DIFF. INPUT 
(TEKTRONIX TYPE 
530, 540, OR 580 
WITH TYPE D 
PLUG-IN 
TEKTRONIX 
TYPE 502 OR 
EQUIVALENT) 


NOTE: For R = 1.6kQ: Voc = 12V, Veg =-12V 
For R = 2.0kQ: Voc = 6V, Veg = -6V. 


FIGURE 12. DIFFERENTIAL VOLTAGE GAIN, MAXIMUM PEAK- 
TO-PEAK OUTPUT VOLTAGE AND BANDWIDTH 
TEST CIRCUIT FOR CA3028B 


OSCILLOSCOPE 
WITH HIGH 
GAIN DIFF. INPUT 
(TEKTRONIX TYPE 
530, 540, OR 580 
WITH TYPE D 
PLUG-IN 
TEKTRONIX 
TYPE 502 OR 
EQUIVALENT) 


VEE = 


FIGURE 13. COMMON MODE REJECTION RATIO AND COMMON MODE INPUT VOLTAGE RANGE TEST CIRCUIT FOR CA3028B 
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CA3028A, CA3028B, CA3053 


Typical Performance Curves 


POSITIVE DC SUPPLY VOLTS (Vcc) 
NEGATIVE DC SUPPLY VOLTS (Vege) 


POSITIVE DC SUPPLY VOLTS (Vcc) 
NEGATIVE DC SUPPLY VOLTS (Veg) 


=) 


™ 
INPUT BIAS CURRENT (A) 


INPUT OFFSET VOLTAGE (mV), 
INPUT OFFSET CURRENT (1A) 


© 
wn 


75 50 -2 O 25 50 75 100 125 50 
TEMPERATURE (°C) TEMPERATURE (°C) 


FIGURE 14. INPUT OFFSET VOLTAGE AND INPUT OFFSET FIGURE 15. INPUT BIAS CURRENT vs TEMPERATURE FOR 
CURRENT FOR CA3028B vs TEMPERATURE CA3028A AND CA3028B 


DIFFERENTIAL AMPLIFIER CONFIGURATION 


INPUT BIAS CURRENT (A) 
w 
uo 


QUIESCENT OPERATING CURRENT (mA) 


Li: 
at ttt tT EL I le, 
75-50 -25 O 25 50 75 100 125 ra) 
75. 50 25 0 25 50 75 100 125 a 
TEMPERATURE (°C) TEMPERATURE (°C) = * 
FIGURE 16. INPUT BIAS CURRENT vs TEMPERATURE FOR FIGURE 17. QUIESCENT OPERATING CURRENT vs - Jj 
CA3053 TEMPERATURE FOR CA3028A AND CA3028B = = 
oc < 
fa a 
<x 


DIFFERENTIAL AMPLIFIER CONFIGURATION a 


QUIESCENT OPERATING CURRENT (mA) 
OPERATING CURRENT, Ig OR Ig (mA) 


1.5 
75 -50 -25 0 25 50 75 100 125 
TEMPERATURE (°C) DC EMITTER SUPPLY (V) 
FIGURE 18. QUIESCENT OPERATING CURRENT vs FIGURE 19. OPERATING CURRENT vs Veg VOLTAGE FOR 
TEMPERATURE FOR CA3053 CA3028A AND CA3028B 
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CA3028A, CA3028B, CA3053 


Typical Performance Curves (Continued) 


; | [| | ie 
=o | | | of 
— Vcc = pol > 
= | | ver | | | | 
+1 z 
; Fe) 
. ; i ae : 
- — < 
ea : 
Z p 5 
ra a tc 
c 
pe | 
: ; : 
: : : 
| 
: ; P 
& © a 
AGC BIAS, TERMINAL NO. 7 (V) TEMPERATURE (°C) 
FIGURE 20. AGC BIAS CURRENT vs BIAS VOLTAGE FIGURE 21. POWER DISSIPATION vs TEMPERATURE FOR 
(TERMINAL 7) FOR CA3028A AND CA3028B CA3028A AND CA3028B 
CASCODE CONFIGURATION PTT Pf dy. CASCODE CONFIGURATION 
= 25° aeeee Ta = 25°C, f = 100MHz 
SCC 
mo 
z 
z ~~ 
3 J 
rT cr 
5 5 
a i 
Ww 
” 
Fe) 
za 
10 20 30. 40 50 60 70 80 90100 
FREQUENCY (MHz) DC COLLECTOR SUPPLY VOLTAGE (V) 
FIGURE 22. POWER GAIN vs FREQUENCY (CASCODE FIGURE 23. 100MHz NOISE FIGURE vs COLLECTOR SUPPLY 
CONFIGURATION) FOR CA3028A AND CA3028B VOLTAGE (CASCODE CONFIGURATION) 
FOR CA3028A AND CA3028B 
DIFFERENTIAL AMPLIFIER CONFIGURATION 
Ta = 25°C, f = 100MHz 
mo 
3 
= _ 
3 J 
ti = 
3 = 
a = 
Ww 
m7 
re} 
=a 
10 20 30 40 50 60 70 80 90 100 
FREQUENCY (MHz) DC COLLECTOR SUPPLY VOLTAGE (V) 
FIGURE 24. POWER GAIN vs FREQUENCY (DIFFERENTIAL FIGURE 25. 100MHz NOISE FIGURE vs COLLECTOR SUPPLY 
AMPLIFIER CONFIGURATION) FOR CA3028A AND VOLTAGE (DIFFERENTIAL AMPLIFIER 
CA3028B CONFIGURATION) FOR CA3028A AND CA3028B 
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CA3028A, CA3028B, CA3053 


Typical Performance Curves (Continued) 


DIFFERENTIAL AMPLIFIER CONFIGURATION 
Ta = 25°C, Voc = +9V, f = 100MHz 


CASCODE CONFIGURATION, Ta = 25° | | | | [III 
IC(STAGE) = 4.5mMA, Vcc = +9V Baill 


power cain 
es OE BE eee. 


ail 
en aA 
LTT A TA Tt 


— ZA tt 
ee <t e 


NOISE FIGURE (dB) OR POWER GAIN (dB) 


INPUT CONDUCTANCE (g;1) OR 
SUSCEPTANCE (b,4) (mS) 


1 10 100 
POSITIVE DC BIAS VOLTAGE (V) FREQUENCY (MHz) 
FIGURE 26. 100MHz NOISE FIGURE AND POWER GAIN vs FIGURE 27. INPUT ADMITTANCE (Y 11) vs FREQUENCY 
BASE-TO-EMITTER BIAS VOLTAGE (TERMINAL 7) (CASCODE CONFIGURATION) 


FOR CA3028A AND CA3028B 


DIFFERENTIAL AMPLIFIER CONFIGURATION 
Ta= 25°C, Voc = +9V 


3 | Ic OF EACH TRANSISTOR = 2.2mA 
c 


ty 
Ei 
pot LL AY 
ST be eal 
_ | 


REVERSE TRANSFER CONDUCTANCE (g;3) 
OR SUSCEPTANCE (b49) (11S) 


INPUT CONDUCTANCE (g34) OR 
SUSCEPTANCE (bj) (mS) 


mail Ht 3 
; — u 
100 0” 
— (MHz) cactilicney (MHz) Q 
=z — 
FIGURE 28. INPUT ADMITTANCE (Y41) vs FREQUENCY FIGURE 29. REVERSE TRANSADMITTANCE (Y,2) vs < = 
(DIFFERENTIAL AMPLIFIER CONFIGURATION) FREQUENCY (CASCODE CONFIGURATION) 2 = 
< 
< 
a _ 
& DIFFERENTIAL AMPLIFIER CONFIGURATION 3 CASCODE CONFIGURATION, ae 25°C an < 
Ws Ta = 25°C, Voc = +9V 4 IC(STAGE) = 4.5MA, Vcc = +9 
= 9.31 Ic OF EACH TRANSISTOR = 2.2mA ZQD 400 
ce ce LT [CHIT 
a8 BE 6 Tt ge 
88 o. B88 wt LT I NUL 
& Fe of | LIT | UTITIN 
gy * SH of TT 
rs 3 oA c 2-20 Tree 
wy o oc sol | LI PAT 
a Ss col | LITIUTT | | PS 
ae Sg CCC Eee 
10 20 30 40 5060 80 100 200 300 2 3 4 5678910 100 
FREQUENCY (MHz) FREQUENCY (MHz) 
FIGURE 30. REVERSE TRANSADMITTANCE (Y 2) vs FIGURE 31. FORWARD TRANSADMITTANCE (Yo) vs 
FREQUENCY (DIFFERENTIAL AMPLIFIER FREQUENCY (CASCODE CONFIGURATION) 
CONFIGURATION) 
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CA3028A, CA3028B, CA3053 


Typical Performance Curves (continued) 


DIFFERENTIAL AMPLIFIER CONFIGURATION 
Ta= 25°C, Voc = +9V 
_ Ic OF EACH TRANSISTOR = 2.2mA 


FORWARD TRANSFER CONDUCTANCE (921) 
OR SUSCEPTANCE (b21) (mS) 


-40 antl 
1 10 100 
FREQUENCY (MHz) 


FIGURE 32. FORWARD TRANSADMITTANCE (Y24) vs 
FREQUENCY (DIFFERENTIAL AMPLIFIER 
CONFIGURATION) 


ivemnietaeell 
Ta= 25°C 

Ic OF EACH TRANSISTOR = 2.2mA, Voc = +9V } |] 
ELT EET 
a tly 
ETT YL 


i 

PT TTT PA 
st EA 
0 eee | | TTL 


10 100 
FREQUENCY (MHz) 


OUTPUT CONDUCTANCE (g22) (mS) 
So So 
> uo 
i a 
so 
mae 
cad) 
aes] 
=a 
S 
OUTPUT SUSCEPTANCE (b29) (mS) 


FIGURE 34. OUTPUT ADMITTANCE (Y22) vs FREQUENCY 
(DIFFERENTIAL AMPLIFIER CONFIGURATION) 


DIFFERENTIAL AMPLIFIER CONFIGURATION 
Ta = 25°C, Voc = +9V 


Es 
ea a 
= — f = 10.7MHz ae 


POWER GAIN (dB) 


DC BIAS VOLTAGE ON TERMINAL NO. 7 (V) 


FIGURE 36. AGC CHARACTERISTICS FOR CA3028A AND 
CA3028B 


CASCODE CONFIGURATION, Ta = 25°C 
Ic(STAGE) = 4-5MA, Vcc = +9V 


Te 
TT TTT ee TTT 
st 
LETTE EEN 
LTE ELEN 
LT EPTEEE TET 


ee (MHz) 


OUTPUT CONDUCTANCE (g92) (mS) 
OUTPUT SUSCEPTANCE (b22) (mS) 


FIGURE 33. OUTPUT ADMITTANCE (Y22) vs FREQUENCY 
(CASCODE CONFIGURATION) 


DIFFERENTIAL AMPLIFIER CONFIGURATION 


10 Ta = 25°C, CONSTANT POWER INPUT = 2uW 


OUTPUT POWER (iW) 


ae ie NN 
TATA WK 
Ne 


10 100 
FREQUENCY (MHz) 


FIGURE 35. OUTPUT POWER vs FREQUENCY - 50Q INPUT 
AND 502 OUTPUT (DIFFERENTIAL AMPLIFIER 
CONFIGURATION) FOR CA3028A AND CA3028B 


CASCODE CONFIGURATION 
Ta = 25°C, f = 10.7MHz 


OUTPUT VOLTAGE (V) 


INPUT VOLTAGE (V) 


FIGURE 37. TRANSFER CHARACTERISTICS (CASCODE 
CONFIGURATION) 
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CA3028A, CA3028B, CA3053 


Typical Performance Curves (continued) 


OUTPUT VOLTAGE (V) 


INPUT VOLTAGE (V) 
FIGURE 38. TRANSFER CHARACTERISTICS (DIFFERENTIAL AMPLIFIER CONFIGURATION) 


Glossary of Terms 
AGC Bias Current 


The current drawn by the device from the AGC voltage 
source, at maximum AGC voltage. 


AGC Range 


The total change in voltage gain (from maximum gain to 
complete cutoff) which may be achieved by application of the 
specified range of dc voltage to the AGC input terminal of 
the device. 


Common Mode Rejection Ratio 


The ratio of the full differential voltage gain to the common 
mode voltage gain. 


Power Dissipation 


The total power drain of the device with no signal applied 
and no external load current. 


Input Bias Current 


The average value (one half the sum) of the currents at the 
two input terminals when the quiescent operating voltages at 
the two output terminals are equal. 


input Offset Current 


The difference in the currents at the two input terminals 
when the quiescent operating voltages at the two output ter- 
minals are equal. 


Input Offset Voltage 


The difference in the DC voltages which must be applied to 
the input terminals to obtain equal quiescent operating 
voltages (zero output offset voltage) at the output terminals. 


Noise Figure 


The ratio of the total noise power of the device and a 
resistive signal source to the noise power of the signal 
source alone, the signal source representing a generator of 
zero impedance in series with the source resistance. 


Power Gain 


The ratio of the signal power developed at the output of the 
device to the signal power applied to the input, expressed in 
dB. 


Quiescent Operating Current 


The average (DC) value of the current in either output 
terminal. 


Voltage Gain 


The ratio of the change in output voltage at either output 
terminal with respect to ground, to a change in input voltage 
at either input terminal with respect to ground, with the other 
input terminal at AC ground. 


ARRAYS AND DIFF. 
AMPLIFIERS 


@ HARRIS CA3039 


November 1996 Diode Array 
Features Description 
e¢ Six Matched Diodes on a Common Substrate The CA3039 consists of six ultra-fast, low capacitance 
© Excellent R R Ti , diodes on a common monolithic substrate. Integrated circuit 
anes Manatee ater en yg Ree eS SSE SE ne (TYP) construction assures excellent static and dynamic matching 
© VeMOIch oo cvccenrsevetavesnstonars aus 5mV (Max) of the diodes, making the array extremely useful for a wide 
. variety of applications in communication and switching 
e Low Capacitance...... Cp = 0.65pF (Typ) at Vp = -2V systems. 
Applications Five of the diodes are independently accessible, the sixth 


shares a common terminal with the substrate. 

e Ultra-Fast Low Capacitance Matched Diodes for 

Applications in Communications and Switching 
Systems 


For applications such as balanced modulators or ring 
modulators where capacitive balance is important, the 
substrate should be returned to a DC potential which is 
Balanced Modulators or Demodulators significantly more negative (with respect to the active diodes) 
than the peak signal applied. 


e Ring Modulators 
* High Speed Diode Gates Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


CA3039 -55to 125 |12Pin MetalCan |712.B 
CA3039M -55to125 114Ld SOIC M14.15 


CA3039M96 -55 to 125 |14LdSOIC Tape |M14.15 
and Reel 


e Analog Switches 


Pinouts 
CA3039 CA3039 
(SOIC) (METAL CAN) 
TOP VIEW TOP VIEW 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 343 3 
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CA3039 


Absolute Maximum Ratings 


Inverse Voltage (PIV) for: Dy -Ds..................- 22 ee- 5V 

che 44 thane eke Pakesen a 0.5V 

Diode-to-Substrate Voltage (Vp;) forD;-Ds............ 20V, -1V 
(Terminal 1, 4, 5, 8 or 12 to Terminal 10) 

DG Forward Curent Ue). .cciwd ci aaatannenereaceeaba as 25mA 

Recurrent Forward Current (Ip) .............. 0c eee eee 100mA 

Forward Surge Current (IF(SURGE))-------- 22sec eee 100mA 


Operating Conditions 
Temperature Range .............00.ccceeees -55°C to 125°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) By (CCIW) 8yc (PCCW) 


Metal Can Package............... 200 120 

BOI PACKOOGs ci ké cctwnntseus aes 220 N/A 
Maximum Power Dissipation (Any One Diode)........... 100mW 
Maximum Junction Temperature (Metal Can Package) ....... 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications T, = 25°C; Characteristics apply for each diode unit, Unless Otherwise Specified 


DC Forward Voltage Drop (Figure 1) 


DC Reverse Breakdown Voltage Between Any 
Diode Unit and Substrate 
DC Reverse (Leakage) Current (Figure 2) 


DC Reverse (Leakage) Current Between Any 
Diode Unit and Substrate (Figure 3) 


Magnitude of Diode Offset Voltage (Note 2) 
(Figure 1) 


Temperature Coefficient of IVe1 - Veal (Figure 4) 


Temperature Coefficient of Forward Drop 
(Figure 5) 


DC Forward Voltage Drop for Anode-to- 
Substrate Diode (Ds) 


Reverse Recovery Time 


PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | MAX UNITS 


a 
iim fem [om fv 


2. Magnitude of Diode Offset Voltage is the difference in DC Forward Voltage Drops of any two diode units. 
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CA3039 


Typical Performance Curves 


0.8 6 
5 = 
= FORWARD VOLTAGE DROP (Vr) eal E 
Ww 
2 0.7 AT. 4 g 
= ol 5 
gs | | [ee : 
ran) | ae 3 - 
So LL LOL, & 
0.6 fio t 
é 2 
; verVes) WAI, 8 
DE OFFSET “ 
8 DIODE OFFSET ([Veq-Vea|) 1 TTT 1g 


PP a ava vas ee ae ae 0 
0.01 0.1 1 10 


DC FORWARD CURRENT (mA) 


FIGURE 1. DC FORWARD VOLTAGE DROP (ANY DIODE) AND 
DIODE OFFSET VOLTAGE vs DC FORWARD 
CURRENT 


75 -50 -25 0 25 50 75 100 125 
TEMPERATURE (°C) 


FIGURE 3. DC REVERSE (LEAKAGE) CURRENT BETWEEN Dy, 
D>, D3, D4, D5; AND SUBSTRATE vs TEMPERATURE 


DC FORWARD VOLTAGE (V) 


-75 -50 -25 0 25 50 75 100 125 
TEMPERATURE (°C) 


FIGURE 5. DC FORWARD VOLTAGE DROP (ANY DIODE) vs 
TEMPERATURE 


DC REVERSE CURRENT (nA) 


-75 -50 -25 0 25 50 75 100 125 
TEMPERATURE (°C) 


FIGURE 2. DC REVERSE (LEAKAGE) CURRENT (Dy - Ds) vs 
TEMPERATURE 


DIODE OFFSET VOLTAGE (|Ve4 —V_o|) (mV) 


75 -50 = -25 nt) 25 50 75 #100 125 
TEMPERATURE (°C) 


FIGURE 4. DIODE OFFSET VOLTAGE (ANY DIODE) vs 
TEMPERATURE 


DIODE RESISTANCE (Q) 


ae eee Sl Sy scien densereacl mel 
CHE Eee tt 
1 10 


0.01 0.1 
DC FORWARD CURRENT (mA) 


FIGURE 6. DIODE RESISTANCE (ANY DIODE) vs DC 
, FORWARD CURRENT 
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CA3039 


Typical Performance Curves (continued) 


Ta 
= 
c O 
a z 
~ = 
Oo 
Q re) 
Ww 
a IE 
: : 
Ww 
fa) Ww 
g = 
ra) 7) 
2 
Ww 
Qa 
2 
ra) 
DC REVERSE VOLTAGE BETWEEN TERMINALS 1, 4, 5, 8, OR 12 
DC REVERSE VOLTAGE ACROSS DIODE (V) AND SUBSTRATE (TERMINAL 10) (V) 
FIGURE 7. DIODE CAPACITANCE (D; - Ds) vs REVERSE FIGURE 8. DIODE-TO-SUBSTRATE CAPACITANCE vs 
VOLTAGE REVERSE VOLTAGE 
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CA3045, CA3046 


General Purpose NPN 
Transistor Arrays 


tt SEMICONDUCTOR 


November 1996 


Features 


¢ Two Matched Transistors 
6 Vee MAGN ctcesnc ccc tee weee st et ew saw es +5mV 
- lio Match 2u.A (Max) 
Low Noise Figure 3.2dB (Typ) at 1kHz 


5 General Purpose Monolithic Transistors 
Operation From DC to 120MHz 

Wide Operating Current Range 

Full Military Temperature Range 


Applications 


Three Isolated Transistors and One Differentially 
Connected Transistor Pair for Low Power Applications 
at Frequencies from DC Through the VHF Range 


Custom Designed Differential Amplifiers 
Temperature Compensated Amplifiers 


See Application Note, AN5296 “Application of the 
CA3018 Integrated-Circuit Transistor Array” for 
Suggested Applications 


Pinout 


Description 


The CA3045 and CA3046 each consist of five general 
purpose silicon NPN transistors on a common monolithic 
substrate. Two of the transistors are internally connected to 
form a differentially connected pair. 


The transistors of the CA3045 and CA3046 are well suited to 
a wide variety of applications in low power systems in the DC 
through VHF range. They may be used as discrete transis- 
tors in conventional circuits. However, in addition, they 
provide the very significant inherent integrated circuit 
advantages of close electrical and thermal matching. 


Ordering Information 


PART NUMBER TEMP. 
(BRAND) RANGE (°C) PACKAGE 
CA3045 14 Ld SBDIP D14.3 


CA3045F -55 to 125 |14Ld CERDIP F14.3 
CA3046 -55 to 125 |14Ld PDIP E143 


CA3046M -55to125 |14Ld SOIC M14.15 
(3046) 

CA3046M96 -55 to 125 |14Ld SOIC Tape |M14.15 
(3046) and Reel 


CA3045, (CERDIP, SBDIP) 
CA3046 (PDIP, SOIC) 
TOP VIEW 


DIFFERENTIAL 
PAIR 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 7.09 


341.3 


File Number 


CA3045, CA3046 


Absolute Maximum Ratings Thermal Information 
Collector-to-Emitter Voltage (VcFEO)... 6.6... ee eee ee 15V ‘Thermal Resistance (Typical, Note 2) Oya (CCIW) 8jc (PCCW) 
Collector-to-Base Voltage (VcRC) ....-. 6. eee ee eee ee 20V POM POCOGG cus ex eaesendee weiss 180 N/A 
Collector-to-Substrate Voltage (Vcio, Note 1).............. 20V GERDIP PACKAGE ...6c062eccswwens 150 Fa) 
Emitterto-Base Voliage (Venn). . i++ 0cssecea cee nteentans 5V SOUIP PACKAGG. 6 oscactencidwaves 125 60 
CONSCiy GUNG iG) cacctaventcenessunanete neseennws 50mA DOIG PAGKBOG.« <0isteau aw vxe wees 220 N/A 
Maximum Power Dissipation (Any One Transistor)........ 300mW 
Operating Conditions Maximum Junction Temperature (Hermetic Packages) ....... 175°C 
. " Maximum Junction Temperature (Plastic Package) ........ 150°C 
Temperature Range ...............00 eee eee -55°C to 125°C Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. The collector of each transistor of the CA3045 and CA3046 is isolated from the substrate by an integral diode. The substrate (Terminal 
13) must be connected to the most negative point in the external circuit to maintain isolation between transistors and to provide for normal 
transistor action. 


2. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications = T, = 25°C, characteristics apply for each transistor in CA3045 and CA3046 as specified 


[Panaeren———<[ svmaox [resrconomons [wn [re [wax] uns 
Ee 
calorie Beaicomvetee | Von fo=mrw=0 | S| | - |v _ 
casero Siar raomvous | Yenoo [e=mats-0 [=| «|| v 
Eritrea Boscom | vaneso [ie=ave=0 ||? [-|¥_ 
eaneoroaatoorentrowe) | tno [vea=t=o | - | sow [| m_ 
eatcorovor Cur Pawe®) | Teco _[Yoe=10¥e=0 | - | Sema | 08 | oa 
Forward Current Transfer Ratio (Static Beta) Nee Voce = 3V fig=toma | - | too | - | = | 
(Note 3) (Figure 3) 

femme [of mm [-| 
je=twa[- | _* [-[-_ 
momen Pees 

Qo. Ilio4 - log! (Note 3) (Figure 4) 

Base-to-Emitter Voltage (Note 3) (Figure 5) Voce = 3V Se ee ee ee ee 
jezvora | - [oa [= | v_ 
Magnitude of Input Offet Voltage for Differential fee pe 
Pair |Vee1 - Vee2! (Note 3) (Figures 5, 7) 


Magnitude of Input Offset Voltage for Isolated Voce = 3V, Ic = 1mA 
Transistors |Vpe3 - Veeal, Vee - VBEs!, 
IVBE5 - VBEg! (Note 3) (Figures 5, 7) 


< 


< 


< 


< 


Temperature Coefficient of Base-to-Emitter Voce = 3V, Ic = 1MA 


Voltage (Figure 6) 


Collector-to-Emitter Saturation Voltage VcEsS Ip = 1mA, Ic = 10mA p= | oz fF - | ov 


Temperature Coefficient: Magnitude of Input Voce = 3V. Io = 1mA ff uV/PC 


Offset Voltage (Figure 7) 
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CA3045, CA3046 


Electrical Specifications —T, = 25°C, characteristics apply for each transistor in CA3045 and CA3046 as specified (Continued) 


PARAMETER SYMBOL TEST CONDITIONS PMN | TYP | MAX | UNITS 


DYNAMIC CHARACTERISTICS 


Low Frequency Noise Figure (Figure 9) NF f= 1kHz, Vog = 38V, Ic = 100A, 3.25 
Source Resistance = 1kQ 


Low Frequency, Small Signal Equivalent 
Circuit Characteristics 


Forward Current Transfer Ratio (Figure 11) 


Short Circuit Input Impedance (Figure 11) 


—- NG tee cs i eee 
hoe [= ee, Vor =8¥, ig= Ima 


ss f= 1kHz, VoE = 3V, Ic = 1mA 


Open Circuit Output Impedance (Figure 11) 


Open Circuit Reverse Voltage Transfer 
Ratio (Figure 11) 


Admittance Characteristics 
Forward Transfer Admittance (Figure 12) 


Input Admittance (Figure 13) Vie f = 1kHz, Voge = 3V, Io = 1MA 


Output Admittance (Figure 14) 


Reverse Transfer Admittance (Figure 15) ieee 


NOTE: 
3. Actual forcing current is via the emitter for this test. 


wT 


wT oT = 


Typical Performance Curves 


nieces 
Fd 
ead) 
ie 
— 
eae, 
a 
<r 
— 


a ae 


COLLECTOR CUTOFF CURRENT (nA) 
COLLECTOR CUTOFF CURRENT (nA) 


TEMPERATURE (°C) TEMPERATURE (°C) 
FIGURE 1. TYPICAL COLLECTOR-TO-BASE CUTOFF CURRENT FIGURE 2. TYPICAL COLLECTOR-TO-EMITTER CUTOFF 
vs TEMPERATURE FOR EACH TRANSISTOR CURRENT vs TEMPERATURE FOR EACH 
TRANSISTOR 
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CA3045, CA3046 


Typical Performance Curves (continued) 


120 


NFE1|op|"FE2 


Nee2| |Meey 


STATIC FORWARD CURRENT 
TRANSFER RATIO (hee) 
BETA RATIO 


EMITTER CURRENT (mA) 


FIGURE 3. TYPICAL STATIC FORWARD CURRENT TRANSFER 
RATIO AND BETA RATIO FOR Q, AND Qo vs 
EMITTER CURRENT 


BASE-TO-EMITTER VOLTAGE (V) 


INPUT OFFSET VOLTAGE (mV) 


0.4 
0.01 0.1 1.0 10 


EMITTER CURRENT (mA) 


FIGURE 5. TYPICAL STATIC BASE-TO-EMITTER VOLTAGE 
CHARACTERISTICS AND INPUT OFFSET VOLTAGE 
FOR DIFFERENTIAL PAIR AND PAIRED ISOLATED 
TRANSISTORS vs EMITTER CURRENT 


INPUT OFFSET VOLTAGE (mV) 


0 
75 -50 -25 0 25 50 75 100 125 
TEMPERATURE (°C) 


FIGURE 7. TYPICALINPUT OFFSET VOLTAGE CHARACTERISTICS 
FOR DIFFERENTIAL PAIR AND PAIRED 
ISOLATED TRANSISTORS vs TEMPERATURE 


TN Tt fT Ty 


2 Watt ae eee 
aes SO 


Soe. ae aaa 
a a a Soot AAR a AN 
orL_| [ii | | tit | tid 
1.0 


0.01 0.1 10 
COLLECTOR CURRENT (mA) 


FIGURE 4. TYPICAL INPUT OFFSET CURRENT FOR 


MATCHED TRANSISTOR PAIR Q;Qp2 vs 
COLLECTOR CURRENT 


INPUT OFFSET CURRENT (uA) 


BASE-TO-EMITTER VOLTAGE (V) 


-25 0 25 50 75 100 125 
TEMPERATURE (°C) 


FIGURE 6. TYPICAL BASE-TO-EMITTER VOLTAGE 
CHARACTERISTIC vs TEMPERATURE FOR EACH 
TRANSISTOR 


Voce = 3V 

Rs = 5002 

Ta = 25°C 
20 


_ 
ao 


NOISE FIGURE (dB) 
= 


COLLECTOR CURRENT (mA) 
FIGURE 8. TYPICAL NOISE FIGURE vs COLLECTOR CURRENT 
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CA3045, CA3046 


Typical Performance Curves (Continued) 


NOISE FIGURE (dB) 


COLLECTOR CURRENT (mA) 
FIGURE 9. TYPICAL NOISE FIGURE vs COLLECTOR CURRENT 


hie = - 3.5k2 
hre = 1.88 x 1074 
hog = 15.6uS 


NORMALIZED h PARAMETERS 


io gern a aad 


FIGURE 11. TYPICAL NORMALIZED FORWARD CURRENT 
TRANSFER RATIO, SHORT CIRCUIT INPUT 
IMPEDANCE, OPEN CIRCUIT OUTPUT IMPEDANCE, 
AND OPEN CIRCUIT REVERSE VOLTAGE TRANSFER 
RATIO vs COLLECTOR CURRENT 


COMMON EMITTER CIRCUIT, BASE INPUT Bi 
Ta = 25°C, VcE = 3V, Ic =1mA 


INPUT CONDUCTANCE (gj) 
OR SUSCEPTANCE (b).) (mS) 


ES rT tt 
1 


FREQUENCY nie 


FIGURE 13. TYPICAL INPUT ADMITTANCE vs FREQUENCY 


Vege =3V 
Rs = 100002 


NOISE FIGURE (dB) 


COLLECTOR CURRENT (mA) 
FIGURE 10. TYPICAL NOISE FIGURE vs COLLECTOR CURRENT 


FORWARD TRANSFER CONDUCTANCE (gfe) 
OR SUSCEPTANCE (beg) (mS) 


FREQUENCY (MHz) 


FIGURE 12. TYPICAL FORWARD TRANSFER ADMITTANCE vs 
FREQUENCY 


6 | COMMON EMITTER CIRCUIT, BASE INPUT 
Ta = 25°C, Vcg = 3V, Ic = 1MA 


OUTPUT CONDUCTANCE (goF) 
OR SUSCEPTANCE (bo.) (mS) 
i?) 


ee a 
0 a 


0.1 100 
FREQUENCY ae 


FIGURE 14. TYPICAL OUTPUT ADMITTANCE vs FREQUENCY 
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Typical Performance Curves (continued) 


COMMON EMITTER CIRCUIT, BASE INPUT || | 
Ta = 25°C, Voge = 3V, Ic = 1mMA rT 
gre IS SMALL AT FREQUENCIES cm 
LESSTHANS500MHz Qs 

A Nes seem a 


REVERSE TRANSFER CONDUCTANCE (gre) 
OR SUSCEPTANCE (bre) (mS) 


4 100 
ee ae (MHz) 


FIGURE 15. TYPICAL REVERSE TRANSFER ADMITTANCE vs 
FREQUENCY 


Vee = 3V 
Ta = 25°C 


GAIN BANDWIDTH PRODUCT (MHz) 


012 3 4 5 6 7 8 9 10 11 12 13 14 
COLLECTOR CURRENT (mA) 


FIGURE 16. TYPICAL GAIN BANDWIDTH PRODUCT vs 
COLLECTOR CURRENT 


7-27 


Le 

= op 
Og 
Ow 
$i 
oa 
=. O 
t= 
ox 
cc 

= g 


HARRIS CA3049, CA3102 


Dual High Frequency Differential Amplifiers 
November 1996 For Low Power Applications Up to 500MHz 


aD 


Features Description 


¢ Power Gain 23dB (Typ) 200MHz The CA3049T and CA3102 consist of two independent 
: : differential amplifiers with associated constant current 
Moree Figure 4.605 (yp) siaieiiilas transistors on a common monolithic substrate. The six tran- 
Two Differential Amplifiers on a Common Substrate sistors which comprise the amplifiers are general purpose 
; devices which exhibit low 1/f noise and a value of fy in 

independently Accessible Inputs and Outputs excess of 1GHz. These feature make the CA3049T and 
Full Military Temperature Range -55°C to 125°C + CA3102 useful from DC to 500MHz. Bias and load resistors 
have been omitted to provide maximum application flexibility. 


Applications The monolithic construction of the CA3049T and CA3102 
» VHF Amplifiers provides close electrical and thermal matching of the 

amplifiers. This feature makes these devices particularly 
e VHF Mixers useful in dual channel applications where matched 


erformance of the two channels is required. 
Multifunction Combinations - RF/Mixer/Oscillator, ° q 


Converter/IF The CA3102 is like the CA3049T except that it has a 


separate substrate connection for greater design flexibility. 
IF Amplifiers (Differential and/or Cascode) ° . 


Formerly Developmental Type No. TA6228. 
Product Detectors rmerily Vevelop yp 


Doubly Balanced Modulators and Demodulators Ordering Information 


Balanced Quadrature Detectors PART NUMBER TEMP. 
(BRAND) RANGE (°C) 


Ca Limiters 
scade CA3049T -55 to 125 |12Pin MetalCan |T12.B 
Synchronous Detectors CA3102E -55to 125 |14Ld PDIP E14.3 


Balanced Mixers CA3102M -55to125 |14Ld SOIC M14.15 
: (3102) 
Synthesizers 
CA3102M96 -55to 125 |14Ld SOIC Tape |M14.15 
Balanced (Push-Pull) Cascode Amplifiers (3102) and Reel 


Sense Amplifiers 


Pinouts 


CA3102 CA3049 
(PDIP, SOIC) (METAL CAN) 
TOP VIEW TOP VIEW 


SUBSTRATE ) Ke SUBSTRATE 


SUBSTRATE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 61 1 3 
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CA3049, CA3102 


Absolute Maximum Ratings Thermal Information 
Collector-to-Emitter Voltage, VcEO .... eee eee eee 15V_ Thermal Resistance (Typical, Note 2) 8a (°C/W) 
Collector-to-Base Voltage, Vopop.....-.--- cece eee eee eee 20V Metal Can Package..............0.. cece eens 225 
Collector-to-Substrate Voltage, Voip (Note 1).............. 20V PDIP Package .............. cece cece eeees 130 
Emitter-to-Base Voltage, Vego ..... 2... cece ee eee 5V SOIC Package. ........... ccc cece eee eeeee 140 
Collector Current, lc HF MHDS Vee ww OSs ves wy ow OS Oe ew Gare 50mA Maximum Power Dissipation (Any One Transistor) Se seeee ars 300mW 
Maximum Junction Temperature (Can Package)............ 175°C 
Operating Conditions Maximum Junction Temperature (Plastic Package) ........ 150°C 
fe) fe) 
Temperature Range ...............000e eee eee -55°C to 125°C + Maximum Storage Temperature Range ......... “GS"G to bai 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. The collector of each transistor of the CA3049T and CA3102 is isolated from the substrate by an integral diode. The substrate (Terminal 9) 
must be connected to the most negative point in the external circuit to maintain isolation between transistors and to provide for normal 
transistor action. 


2. Oya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications T, = 25°C 


TEST 
PARAMETER SYMBOL CONDITIONS 


DC CHARACTERISTICS FOR EACH DIFFERENTIAL AMPLIFIER 


Input Offset Voltage 
(Figures 1, 4) 


Temperature Coefficient 
Magnitude of Input Offset 
Voltage 


Temperature Coefficient of 
Base-to-Emitter Voltage 
(Figure 6) 


AMPLIFIERS 


Vop = 10V, Ip =0 


ARRAYS AND DIFF. 


Collector-to-Emitter Breakdown | V(grR)cEo | Ic = 1MA, Ip = 0 
Voltage 
Collector-to-Base Breakdown V(BR)CBO | '!c = 10pA, Ie = 0 
Voltage 


Collector-to-Substrate V(BR)CIO | !c = 10pA, Ip =l— =0 
Breakdown Voltage 


Emitter-to-Base Breakdown 
Voltage 


=| 


1/f Noise Figure (For Single NF f = 100kHz, Rs = 500Q, 
Transistor) (Figure 12) Ic = 1mA 


Gain Bandwidth Product (For . 
Single Transistor) (Figure 11) 


prt 
Ww 


Collector-Base Capacitance = 0, 
sdeckaiels 
5V 


Collector-Substrate 
Capacitance (Figure 8) 


om mom me) G) 
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CA3049, CA3102 


Electrical Specifications T, = 25°C (Continued) 


TEST 
PARAMETER SYMBOL CONDITIONS 


Common Mode Rejection Ratio | CMRR |lg=Ilg=2mA 


AGC Range, One Stage AGC {Bias Voltage = -6V 
(Figure 2) 

Voltage Gain, Single-Ended Bias Voltage = -4.2V, 
Output (Figures 2, 9, 10) 

Insertion Power Gain (Figure 3) 
Noise Figure (Figure 3) 


Input Admittance 


Cascode 
Configuration 


Iz = Ig = 2mA. | Cascode (Fig- 
For Diff. Amp. | ures 14, 16, 18) 
Configuration | Diff. Amp. (Fig- 
I3=lg=4MA | ures 15, 17, 19) 


Forward Transfer 
Admittance 


Cascode (Fig- 
ures 26, 28, 30) 
Diff. Amp. (Fig- 
ures 27, 29, 31) 
Cascode (Fig- 
ures 20, 22, 24) 
Diff. Amp. (Fig- 
ures 21, 23, 25) 


Output Admittance 


Each 
Reverse Transfer Admittance Y42 a Cascode 
Ic =2mA) 
f = 200MHz Diff. Amp. 


NOTES: 
3. Terminals 1 and 14 or 7 and 8 (CA3102). Terminals 1 and 12 or 6 and 7 (CA3049T). 
4. Terminals 13 and 4 or 6 and 11 (CA3102). Terminals 10 and 11 or 4 and 5 (CA3049T). 


Schematic Diagrams 


CA3102E, CA3102M CA3049T 


GIQiO19 O10, O1® iO BOGS 


Q2 Q, Q5 Qs Q2 Qy Q5 Qs 


(2) Q3 (10) Q4 (2 ) Q3 (8 ) Q, 


SUBSTRATE SUBSTRATE 
AND CASE 
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CA3049, CA3102 


Test Circuits 


+6V 
V+ (+6V) 


+1V 


1kQ 


-1V 


V- (-6V) 


FIGURE 1. DC CHARACTERISTICS TEST CIRCUIT FOR CA3102 FIGURE 2. AGC RANGE AND VOLTAGE GAIN TEST CIRCUIT 
FOR CA3102 


1/2 CA3049T 
12(6) or CA3102 


Sac) 
4(7) 
y 


aan 
0.005,F (1(8)] | 
gia! 


(512) | SUBSTRATE 


4 


Q2 Q, 
(Qe) (Qs) 


Q3 (Q4) , 
> 3 (9) ? 11 (5) 
Y [3 (9)] WZ [13 (6)] 27p 


F 


0.001pF ; 
0.001 uF NOTES: 
= 5. Numbers in parentheses refer to other 
, pr half of the CA3049T or CA3102. 


| 6. Bracketed numbers refer to CA3102, 
unbracketed numbers refer to CA3049T. 
= 7, Ly, Lo - Approximately "fp Turn #18 
Tinned Copper Wire, 5/8” Diameter. 


8. C1, Co- 15pF Variable Capacitors 


+12V (Hammarnund, MAC-15; or Equivalent). 


0.001yF 


FIGURE 3. 200MHz CASCODE POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
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ARRAYS AND DIFF. 


AMPLIFIERS 


CA3049, CA3102 


Typical Performance Curves 


INPUT OFFSET VOLTAGE (mV) 
INPUT BIAS CURRENT (uA) 


0.1 1.0 10 
EMITTER CURRENT (mA) EMITTER CURRENT (mA) 
FIGURE 4. INPUT OFFSET VOLTAGE vs EMITTER CURRENT FIGURE 5. INPUT BIAS CURRENT vs EMITTER CURRENT 


1000 


100 


BASE-TO-EMITTER VOLTAGE (V) 
COLLECTOR CUTOFF CURRENT (pA) 


0.1 
0.01 
COLLECTOR CURRENT (mA) TEMPERATURE (°C) 
FIGURE 6. BASE-TO-EMITTER VOLTAGE vs COLLECTOR FIGURE 7. COLLECTOR CUTOFF CURRENT vs TEMPERATURE 
CURRENT 


CAPACITANCE (pF) 
VOLTAGE GAIN (dB) 


ERMINALS 14 AND 1; 7 AND 8 
TERMINALS 13 AND 4; 6 AND 11 


012 3 4 5 6 7 8 9 10 11 12 13 14 0 “4 “2 -3 “6 


5 6 7 
BIAS VOLTAGE (V) BIAS VOLTAGE ON TERMINALS 2 AND 10 (V) 
FIGURE 8. CAPACITANCE vs DC BIAS VOLTAGE FIGURE 9. VOLTAGE GAIN vs DC BIAS VOLTAGE 
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CA3049, CA3102 


Typical Performance Curves (Continued) 


ee 


VOLTAGE GAIN (dB) 

n 

= 

a 

— 
2 
ae ee ee = 
11 moe 
ae aaa a aa 
pen [ 

= 

-— 

Ly 

V4 

= 

 cccamel 

I 


, CHET TEE THEY A 


0.01 100 
emus (MHz) 


FIGURE 10. VOLTAGE GAIN vs FREQUENCY 


Ta = 25°C pine 
RsourceE = 5002 


-L 
He 


f = 1kHz 
f = 10kHz 
f = 100kHz 


NOISE FIGURE (dB) 


COLLECTOR CURRENT (mA) 


FIGURE 12. 1/f NOISE FIGURE vs COLLECTOR CURRENT 


CASCODE AMPLIFIER 
Vec = 12V 
Iz =Ilg = 2MA 


INPUT CONDUCTANCE (g;4) (mS) 
INPUT SUSCEPTANCE (b4) (mS) 


FREQUENCY (MHz) 


FIGURE 14. INPUT ADMITTANCE (Y11) vs FREQUENCY 


GAIN BANDWIDTH PRODUCT (GHz) 


0123 45 67 8 
COLLECTOR CURRENT (mA) 


9 10 1112 13 14 


FIGURE 11. GAIN BANDWIDTH PRODUCT vs COLLECTOR 
CURRENT 


Ta= 25°C 
30 Rsource = 1kQ 


NOISE FIGURE (dB) 


= he 
Elin ao 
or 
0.01 0.1 1.0 Ow 
COLLECTOR CURRENT (mA) = i 
aj 

” 
FIGURE 13. 1/f NOISE FIGURE vs COLLECTOR CURRENT > = 
oc <x 

o 

< 


INPUT CONDUCTANCE (913) 
OR SUSCEPTANCE (b 11) (mS) 
7) 


10 102 10° 
FREQUENCY (MHz) 


FIGURE 15. INPUT ADMITTANCE (Y414) vs FREQUENCY 
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CA3049, CA3102 


Typical Performance Curves (continued) 


DIFFERENTIAL AMPLIFIER 
3 Ig =lg =4mA 

f = 200MHz 

Ta = 25°C 


INPUT CONDUCTANCE OR 
SUSCEPTANCE (mS) 
INPUT CONDUCTANCE OR 
SUSCEPTANCE (mS) 


COLLECTOR SUPPLY VOLTAGE (V) COLLECTOR SUPPLY VOLTAGE (V) 


FIGURE 16. INPUT ADMITTANCE (Y;14) vs COLLECTOR SUPPLY FIGURE 17. INPUT ADMITTANCE (Y;;) vs COLLECTOR SUPPLY 
VOLTAGE VOLTAGE 


CASCODE AMPLIFIER DIFFERENTIAL AMPLIFIER 
Vec = 12V 3 + Voc =12V 

f = 200MHz f = 200MHz 

Ta = 


INPUT CONDUCTANCE OR 
SUSCEPTANCE (mS) 
INPUT CONDUCTANCE OR 
SUSCEPTANCE (mS) 


EMITTER CURRENT (I3 OR Ig) (mA) EMITTER CURRENT (I3 OR Ig) (mA) 


FIGURE 18. INPUT ADMITTANCE (Y;;) vs EMITTER CURRENT FIGURE 19. INPUT ADMITTANCE (Y;1) vs EMITTER CURRENT 


° DIFFERENTIAL AMPLIFIER 
2 Voc = 12V 
c | “ 3 + Ig=lg=4mA 
o8 [_ e¢ , [ HI 
= _— = = 
55 Ta TH 8 | 
pee SAC op i 
0 — 
pat tt eT NTT 
oO oars | 
5 
; oL LL all 
10 10? 10 102 10° 
eeu (MHz) FREQUENCY (MHz) 
FIGURE 20. OUTPUT ADMITTANCE (Y22) vs FREQUENCY FIGURE 21. OUTPUT ADMITTANCE (Y22) vs FREQUENCY 
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CA3049, CA3102 


Typical Performance Curves (continued) 


OUTPUT CONDUCTANCE OR 
SUSCEPTANCE (mS) 


COLLECTOR SUPPLY VOLTAGE (V) 


FIGURE 22. OUTPUT ADMITTANCE (Y22) vs COLLECTOR 
SUPPLY VOLTAGE 


OUTPUT CONDUCTANCE OR 
SUSCEPTANCE (mS) 


EMITTER CURRENT (3 OR Ig) (mA) 


FIGURE 24. OUTPUT ADMITTANCE (Y22) vs EMITTER CURRENT 


CASCODE AMPLIFIER 


ARD TRANSFER SUSCEPTANCE (mS) 


RW. 


-20 


10 
FREQUENCY (MHz) 


FORWARD TRANSFER CONDUCTANCE (mS) 


_ 
o 
_ 
Sos 
> 
o 
FO 


FIGURE 26. FORWARD TRANSFER ADMITTANCE (Y94) vs 
FREQUENCY 


DIFFERENTIAL AMPLIFIER 


OUTPUT CONDUCTANCE OR 
SUSCEPTANCE (mS) 


COLLECTOR SUPPLY VOLTAGE (V) 


FIGURE 23. OUTPUT ADMITTANCE (Y22) vs COLLECTOR 
SUPPLY VOLTAGE 


DIFFERENTIAL AMPLIFIER 
Vec = 12V 
f = 200MHz 


OUTPUT CONDUCTANCE OR 
SUSCEPTANCE (mS) 


EMITTER CURRENT (I3 OR Ig) (mA) 


FIGURE 25. OUTPUT ADMITTANCE (Y22) vs EMITTER CURRENT 


ARRAYS AND DIFF. 
AMPLIFIERS 


DIFFERENTIAL AMPLIFIER 
Vcc = 12V 

Ig =Ilg = 4mA 

Ta = 25°C 


eae 
eit ail 
| ee Ht 
ae i a) | 
a 


10 10° 
a (MHz) 


OR SUSCEPTANCE (mS) 


FORWARD TRANSFER CONDUCTANCE 


FIGURE 27. FORWARD TRANSFER ADMITTANCE (Y>,) vs 
FREQUENCY 
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CA3049, CA3102 


Typical Performance Curves (continued) 


DIFFERENTIAL AMPLIFIER 
Ig =Ilg=4mA 


f = 200MHz 


FORWARD TRANSFER CONDUCTANCE 
OR SUSCEPTANCE (mS) 
FORWARD TRANSFER CONDUCTANCE 
OR SUSCEPTANCE (mS) 


0 5 10 15 20 25 30 35 0 10 20 30 40 
COLLECTOR SUPPLY VOLTAGE (V) COLLECTOR SUPPLY VOLTAGE (V) 
FIGURE 28. FORWARD TRANSFER ADMITTANCE (Y24) vs FIGURE 29. FORWARD TRANSFER ADMITTANCE (Y5;) vs 
COLLECTOR SUPPLY VOLTAGE COLLECTOR SUPPLY VOLTAGE 


eee 3) 


FORWARD TRANSFER CONDUCTANCE 
OR SUSCEPTANCE (mS) 
Nh 
So 
FORWARD TRANSFER CONDUCTANCE 
OR SUSCEPTANCE (mS) 


70 a tbc 
80 Citit iti tity t 
2 4 8 10 12 14 
EMITTER eee (Ig OR Ig) (mA) EMITTER CURRENT (Iz OR Ig) (mA) 
FIGURE 30. FORWARD TRANSFER ADMITTANCE (Y24) vs FIGURE 31. FORWARD TRANSFER ADMITTANCE (23) vs 
EMITTER CURRENT EMITTER CURRENT 
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@ HARRIS CA3054 


Dual Independent Differential Amp for Low Power 


November 1996 Applications from DC to 120MHz 
Features Description 
¢ Two Differential Amplifiers on a Common Substrate The CA3054 consists of two independent differential 


amplifiers with associated constant current transistors on a 


* Independently Accessible Inputs and Outputs common monolithic substrate. The six NPN transistors which 


¢ Maximum Input Offset Voltage............... +5mV comprise the amplifiers are general purpose devices which 

es n exhibit low 1/f noise and a value of fy in excess of 300MHz. 

* Temperature Range...............++. O"C to 85°C These feature make the CA3054 useful from DC to 120MHz. 

oo, Bias and load resistors have been omitted to provide maxi- 
Applications mum application flexibility. 

¢ Dual Sense Amplifiers The monolithic construction of the CA3054 provides close 


electrical and thermal matching of the amplifiers. This 


© Buel Scnreie tigger feature makes these devices particularly useful in dual 


e Multifunction Combinations channel applications where matched performance of the two 
- RF/Mixer/Oscillator; Converter/IF channels is required. 
¢ IF Amplifiers (Differential and/or Cascode) Ordering Information 


e Product Detectors 


PART NUMBER TEMP. 
(BRAND) RANGE (°C) 
CA3054 14 Ld PDIP E14.3 
CA3054M 0 to 85 14 Ld SOIC 
(3054) 
CA3054M96 0 to 85 14Ld SOIC Tape |M14.15 
(3054) and Reel 


¢ Doubly Balanced Modulators and Demodulators 


e Balanced Quadrature Detectors 


¢ Cascade Limiters 


e Synchronous Detectors 


e Pairs of Balanced Mixers 


e Synthesizer Mixers 


Le 
¢ Balanced (Push-Pull) Cascode Amplifiers = ” 
Ot 
<i 
- —— 
; — 
Pinout ? 
t= 
CA3054 o < 

(PDIP, SOIC) 

TOP VIEW 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 388.3 
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CA3054 


Absolute Maximum Ratings § Ta = 25°C Thermal Information 
Collector-to-Emitter Voltage, VoFO ...- 6 eee eee eee 15V Thermal Resistance (Typical, Note 2) Oya (°C/W) 
Collector-to-Base Voltage, VoBO..-..-- cece eee eee eee 20V PDIP FRCkAG . ccc nscavcieicecewsisaxweraas 130 
Collector-to-Substrate Voltage, Vcjo (Note 1)............-. 20V SOIC PACGGGG. xis cacaecivenarecntdemedws 140 
Emitter-to-Base Voltage, Vepo ------- +--+ 0 eee eee eee 5V Maximum Junction Temperature (Die)...............0.0005 175°C 
Collector Current, Ic MLSE rE DAES EER Rew Oe oD ae wee ws 50mA Maximum Junction Temperature (Plastic Package) ee eee 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Operating Conditions Maximum Lead Temperature (Soldering 10s)............. 300°C 
Temperature Range .......... 00. cece ec eee eens 0°C to 85°C (SOIC - Lead Tips Only) 
—— ? Maximum Power Dissipation (Any One Transistor)....... 300mW 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 

1. The collector of each transistor of the CA3054 is isolated from the substrate by an integral diode. The substrate must be connected to a 
voltage which is more negative than any collector voltage in order to maintain isolation between transistors and provide for normal 
transistor action. The substrate should be maintained at signal (AC) ground by means of a suitable grounding capacitor, to avoid undes- 
ired coupling between transistors. 

2. 8ja is Measured with the component mounted on an evaluation PC board in free air. 


Maximum Voltage Ratings 


The following chart gives the range of voltages which can be applied to the terminals listed vertically with respect 


to the terminals listed horizontally. For example, the voltage range of the vertical Terminal 2 with respect to Terminal Maximum 
4 is +15V to -5V. Current Ratings 


SB DE DE EN SE EW 
am ee ee 


720, 
Nots 


ote 3 
ote 


Ef 


@ 


ote 


a ee 
Note 3 


a oe ee ee 
re ee ey a ae 
i 2 en ee ee ee ee es es ee 
Ref. 
Sub- 
strate 
NOTES: 
3. Voltages are not normally applied between these terminals. Voltages appearing between these terminals will be 
safe if the specified limits between all other terminals are not exceeded. 


4. Terminal No. 10 of CA3054 is not used. 
Electrical Specifications T, = 25°C 


+ 

pe) 
- 
oO 


fe) 
oll 
oO; oO 
ie) 


© 


= 
Lo 
a ae 
a 
aoc Oa 
a 
ft 
| 12 


PARAMETER [_SYMBOL__| __TESTCONDITIONS | MIN | TYP _| MAX | UNIT] 
DC CHARACTERISTICS For Each Differential Amplifier 

input Offset Voltage (Figure 8) eee ee 
[inputOfiset Gurrent(Figure 8) | tio ‘| Von = SVsTe(aay=He(aay= 2A) 
Input Bias Curent (Figues) [Wop eos laay=2mA 


Quiescent Operating —— Ratio , 
(Figure 5) = or 


Temperature Coefficient Magnitude of 
Input Offset Voltage (Figure 7) 
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CA3054 


Electrical Specifications T, = 25°C (Continued) 


FOR EACH TRANSISTOR 


DC Forward Base-to-Emitter Voltage 
(Figure 8) 


PARAMETER SYMBOL TESTCONDITIONS | MIN | TYP | MAX | UNIT 


Vee |vos=0V[lo=soua] [| 0680] 0700 | V_ 
ic=tma| | 0718 | 0800 | V_ 
fic=ama | | 0760 | 0.860 


Temperature Coefficient of Base-to- AV Vos = 3V, Ic = 1mMA 
Emitter Voltage (Figure 6) __BE 


AT 
= 


ba 
< <| <|] </> S| <] < 
fo) 


Collector-to-Substrate Breakdown V(BR)CIO Ic = 10HA, Io) = 0 20 

Voltage 

Emitter-to-Base Breakdown Voltage le = 10pA, Ic =0 5 | * i = 4 
DYNAMIC CHARACTERISTICS 

Common Mode Rejection Ratio for each Voc = 12V, Veg = -6V, 100 
Amplifier (Figures 1, 10) Vx = -3.3V, f = 1kHz 

AGC Range, One Stage Voc = 12V, Veg = -6V, 75 
(Figures 2, 11) Vx = -3.3V, f = 1kHz 

Voltage Gain, Single Stage Double-Ended A Voc = 12V, Veg = -6V, 32 
Output (Figures 2, 11) Vx = -3.3V, f = 1kHz 

AGC Range, Two Stage AGC Voc = 12V, Veg = -6V, 


(Figures 3, 12) Vx = -3.3V, f = 1kHz 


Voltage Gain, Two Stage Double- A Voc = 12V, Veg = -6V, 
Ended Output (Figures 3, 12) Vx = -3.3V, f = 1kHz 


Low Frequency, Small Signal Equivalent Circuit 
Characteristics (For Single Transistor) 
Forward Current Transfer Ratio 
(Figure 13) 


xz 
+) 


Short Circuit Input Impedance 
(Figure 13) 


hall Bid 


Open Circuit Output Impedance 
(Figure 13) 


f = 1kHz, Voge = 3V, Io = 1MA 
f = 1kHz, Voge = 3V, Io = 1MA 


Open Circuit Reverse Voltage Transfer 
Ratio (Figure 13) 


f = 1kHz, Voce = 3V, Ic = 1mA = 1.8x 104 aw 


1/f Noise Figure for Single 
Transistor 


Gain Bandwidth Product for Single 
Transistor (Figure 14) 


Admittance Characteristics; Differential 
Circuit Configuration (For Each Amplifier) 
Forward Transfer Admittance 

(Figure 15) 


Vos = 3V, f = 1MHz 
Each Collector Ic = 1.25mA 


Y414 Vop = 3V, f = 1MHz 0.22 + 
Each Collector Ic = 1.25mA jo.1 

Yoo Vcp = 3V, f = 1MHz 0.01 + jO mS 
Each Collector Ic = 1.25mA 

Y42 Vos = 3V, f = 1MHz -0.003 + mS 
Each Collector Ic = 1.25mA jo 


Input Admittance (Figure 16) 


Output Admittance (Figure 17) 


Reverse Transfer Admittance 
(Figure 18) 
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ARRAYS AND DIFF. 
AMPLIFIERS 


CA3054 


Electrical Specifications T, = 25°C (Continued) 


PARAMETER SYMBOL TESTCONDITIONS | MIN | TYP | MAX | UNIT 


Admittance Characteristics; Cascode Circuit 
Yo4 VcB = 3V, f= 1MHz 68 - jO mS 
Total Stage Ic = 2.5 mA 


Configuration (For Each Amplifier) 
Forward Transfer Admittance 
(Figure 19) 
Input Admittance (Figure 20) Y44 Vos = 3V, f = 1MHz 0.55 + jO mS 
Total Stage Ic = 2.5 mA 
Yoo Vos = 3V, f = 1MHz 0 + j0.02 mS 
Total Stage Io = 2.5 mA 
Reverse Transfer Admittance Y42 Vos = 3V, f = 1MHz 0.004 - uS 
(Figure 22) Total Stage Io = 2.5 mA j0.005 
Noise Figure CONF __—« = 00M es ee ee 


Test Circuits 


Output Admittance (Figure 21) 


Vx Vec=+12V Vx Veco =+12V 


0.1pF 
T VIN = 10mMVramws 


| 10nF 


Vin = 0.3Vams 


SIGNAL 
SOURCE 


Voc = +12V Vec = +12V 


0.1),1F T 0.1,F T 
Veg = -6V 
= ——s-* Veg = -6V = ‘EE 


FIGURE 1. COMMON MODE REJECTION RATIO TEST SETUP FIGURE 2. SINGLE STAGE VOLTAGE GAIN TEST SETUP 


1kQ 1kQ 


Vin = 1MVams 2 0.5kQ I 
; = @ 
So i 
o 0.1pF 


= 1uF Vcc = +12V 


FIGURE 3. TWO STAGE VOLTAGE GAIN TEST SETUP 
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CA3054 


12S ft it hee en es 


MENU 


LEN. 


100 
0 


125 


\ 
INN 


100 


75 


50 
TEMPERATURE (°C) (NOTE) 


25 


oO Saad 
=— 


(vu) LNSYYHND ASOLND HOLOATIOO 


102 
104 


Typical Performance Curves 


COLLECTOR Ache (mA) 


NOTE: For CA3054 use data from 0°C to 85°C only. 


FIGURE 5. INPUT BIAS CURRENT vs COLLECTOR CURRENT 


FIGURE 4. COLLECTOR-TO-BASE CUTOFF CURRENT vs 


FOR EACH TRANSISTOR 


TEMPERATURE FOR EACH TRANSISTOR 


SdalsldNV 
‘dscIG OGNV SAVYEYV 


(A) SDVLIOA H3ALLINS-OL-4ASVaE 


TEMPERATURE (°C) (NOTE) 


TEMPERATURE (°C) (NOTE) 


NOTE: For CA3054 use data from 0°C to 85°C only. 


NOTE: For CA3054 use data from 0°C to 85°C only. 


FIGURE 7. OFFSET VOLTAGE vs TEMPERATURE FOR 


FIGURE 6. BASE-TO-EMITTER VOLTAGE FOR EACH 


DIFFERENTIAL PAIRS 


TRANSISTOR vs TEMPERATURE 


TOC RTE ETT OEE F 
eh. Gee 


HTT ING Pt 


‘N 
HEN TT 
\ 
RINE 


(vv) LNSYYND LAS44O LNdNI 


(AW) 2m GNV +O SDVLIOA LAS4SO LNdNI 


N 
my) 
ce) 
> 
iy 
ry 
= 


Vio 


(A) SDWLIOA H3ALLIN]-OL-3SVE 


COLLECTOR CURRENT (mA) 


EMITTER CURRENT ais 
FIGURE 8. STATIC BASE-TO-EMITTER VOLTAGE AND INPUT 


FIGURE 9. INPUT OFFSET CURRENT FOR MATCHED 


DIFFERENTIAL PAIRS vs COLLECTOR CURRENT 


OFFSET VOLTAGE FOR DIFFERENTIAL PAIRS vs 


EMITTER CURRENT 
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CA3054 


Typical Performance Curves (Continued) 


Vcc = 12V 

Vee = -6V 

f = 1kHz 

SIGNAL INPUT = 10mMVays 


COMMON MODE REJECTION RATIO (dB) 
SINGLE STAGE VOLTAGE GAIN (dB) 


BIAS VOLTAGE ON TERMINAL 11 (V) BIAS VOLTAGE ON TERMINAL 11 (V) 


FIGURE 10. COMMON MODE REJECTION RATIO FIGURE 11. SINGLE STAGE VOLTAGE GAIN CHARACTERISTIC 
CHARACTERISTIC 


Voc = 12V 

Vee = -6V 

f = 1kHz 

SIGNAL INPUT = 1mVpnys 


Nee = 110 

hye = 3.5kQ 
Hpe = 1.88 x 10“ 
Nog = 15.6uS 


TWO STAGE VOLTAGE GAIN (dB) 
NORMALIZED h PARAMETERS 


BIAS VOLTAGE ON TERMINALS 3 AND 11 (V) COLLECTOR CURRENT (mA) 


FIGURE 12. TWO STAGE VOLTAGE GAIN CHARACTERISTIC —_ FIGURE 13. FORWARD CURRENT TRANSFER RATIO (hee), 
SHORT CIRCUIT INPUT IMPEDANCE (hj), OPEN 
CIRCUIT OUTPUT IMPEDANCE (hog), AND OPEN 
CIRCUIT REVERSE VOLTAGE TRANSFER RATIO 
(he) vs COLLECTOR CURRENT FOR EACH 
TRANSISTOR 


oirenenTiAL conriaunarion” = [| [ [| 
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GAIN BANDWIDTH PRODUCT (MHz) 
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OR CONDUCTANCE (mS) 
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COLLECTOR CURRENT (mA) FREQUENCY (MHz) 
FIGURE 14. GAIN BANDWIDTH PRODUCT (fy) vs COLLECTOR — FIGURE 15. FORWARD TRANSFER ADMITTANCE (Y>4) vs 
CURRENT FREQUENCY 
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CA3054 


Typical Performance Curves (Continued) 


DIFFERENTIAL CONFIGURATION 
Ic (EACH TRANSISTOR) = 1.25mA 
Vop = 3V 

Ta = 25°C 


INPUT SUSCEPTANCE OR 
CONDUCTANCE (mS) 


0 tii | Lar 


FREQUENCY (MHz) 


FIGURE 16. INPUT ADMITTANCE (Y;;) 


o DIFFERENTIAL CONFIGURATION 


Vos = 3V i 
Ic (EACH TRANSISTOR) = 1.25mA 
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FIGURE 18. REVERSE TRANSFER ADMITTANCE (Yj) vs 
FREQUENCY 


CASCODE CONFIGURATION 
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FIGURE 20. INPUT ADMITTANCE (Y14) vs FREQUENCY 


DIFFERENTIAL CONFIGURATION 
Ic (EACH TRANSISTOR) = 1.25mA 
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FIGURE 17. OUTPUT ADMITTANCE (Y29) vs FREQUENCY 
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FIGURE 19. FORWARD TRANSFER ADMITTANCE (Y94) vs 
FREQUENCY 
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FIGURE 21. OUTPUT ADMITTANCE (Y59) vs FREQUENCY 
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AMPLIFIERS 


CA3054 


Typical Performance Curves (continued) 
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FIGURE 22. REVERSE TRANSFER ADMITTANCE (Yj) vs FREQUENCY 
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GHARRIS CA3081, CA3082 


General Purpose High Current 
November 1996 NPN Transistor Arrays 


Features Description 


¢ CA3081 - Common Emitter Array CA3081 and CA3082 consist of seven high current (to 

100mA) silicon NPN transistors on a common monolithic 

substrate. The CA3081 is connected in a common emitter 

e Directly Drive Seven Segment Incandescent Displays configuration and the CA3082 is connected in a common 
and Light Emitting Diode (LED) Display collector configuration. 


¢ CA3082 - Common Collector Array 


7 Transistors Permit a Wide Range of Applications in The CA3081 and CA3082 are capable of directly driving 
Either a Common Emitter (CA3081) or Common Col- seven segment displays, and light emitting diode (LED) dis- 
lector (CA3082) Configuration plays. These types are also well suited for a variety of other 
drive applications, including relay control and thyristor firing. 

100mA (Max) 


0.4V (Typ) OFdering Information 


—— PART NUMBER TEMP. 
Applications (BRAND) RANGE (°C)| PACKAGE 
+ Cehomeeten CA3081 -55 to 125 |16Ld PDIP E16.3 
- Incandescent Display Devices CA3081F 16 Ld CERDIP 


- Relay Control 
y CA3081M96 -55 to125 |16Ld SOIC Tape |M16.15 
e Thyristor Firing (3081) and Reel 
CA3082 -55 to 125 |16Ld PDIP E16.3 
CA3082F -55 to 125 |16LdCERDIP 


CA3082M -55to 125 |16Ld SOIC M16.15 
(3082) 

CA3082M96 -55 to 125 |16Ld SOIC Tape |M16.15 
(3082) and Reel 


Pinouts 


CA3081 
COMMON EMITTER CONFIGURATION 
(PDIP, CERDIP, SOIC) 
TOP VIEW 


Le 


Fish 


SUBSTRATE 


LA 


il 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 480.3 
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CA3082 
COMMON COLLECTOR CONFIGURATION 
(PDIP, CERDIP, SOIC) 
TOP VIEW 


SUBSTRATE 


ARRAYS AND DIFF. 
AMPLIFIERS 


CA3081, CA3082 


Absolute Maximum Ratings Ta = 25°C Thermal Information 
Collector-to-Emitter Voltage (VoFO).....--- eee eee 16V Thermal Resistance (Typical, Note 2) Bya (CCIW) 8yc (°C/W) 
Collector-to-Base Voltage (Vopo) ..-- 6. eee ee 20V GEMOGIP PACKEGG 454 <h sees caw aoa 135 65 
Collector-to-Substrate Voltage (Vcio, Note 1).............. 20V POIP PaCKGGe i204 sccasesenancves 135 N/A 
Emitter-to-Base Voltage (Vego)........- ee cece cee eee eee 5V SONWG PACKAOG, oe rexecidcee ness 200 N/A 
Coleco? CUTGHE ia): vas cae oeae oir ene ess ew i newane 100mA Maximum Power Dissipation (Any One Transistor)........ 500mW 
BESS DUNG le) oc ot cc haves di ge nda wayerescheaaneds 20mA Maximum Junction Temperature (Ceramic Package)... ..... 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Operating Conditions Maximum Storage Temperature Range ......... -65°C to 150°C 
. . Maximum Lead Temperature (Soldering 10s)............ 300°C 
Temperature Range ............. 0.000 e uae -55°C to 125°C (SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. The collector of each transistor of the CA3081 and CA3082 is isolated from the substrate by an integral diode. The substrate must be 
connected to a voltage which is more negative than any collector voltage in order to maintain isolation between transistors and provide 
normal transistor action. To avoid undesired coupling between transistors, the substrate terminal (5) should be maintained at either DC 
or signal (AC) ground. A suitable bypass capacitor can be used to establish a signal ground. 


2. 8 ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications For Equipment Design at Ta = 25°C 


[Panaweren | svwsor [veerconomons [wn [ ve [ wax [ unre 
eaecaroaaeseaconvoms | venom [e-wonene [= | ©] |v. 
cneioresaameseaiomvene | venoo ferme? | ® | @ | |v 
DC Forward Current Transfer Ratio hee 


Eze eee 
ee ee 
Ee 
Pe fe] 
Pew 
Collector-to-Emitter Saturation Voltage VCESAT 
[ee Par 
SEES 
SI e253 
Saw EE 


CA3081, CA3082 


CA3081 (Figure 5) 


CA3082 (Figure 5) 


m 


V 
V 
V 
V 
A 
pA 
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CA3081, CA3082 


Typical Read - Out Driver Applications 


V+ 
Vp —- 
1/7 CA3082 
OV — L (COMMON COLLECTOR) 
R (NOTE) 


LIGHT EMITTING DIODE (LED) 
40736R 


V+ == 
NOTE: The Resistance for R is determined by the relationship: 
7 Vp - Veg - Ve (LED) 


FROM 1/7 CA3081 ~ (LED) 
DECODER (COMMON EMITTER) 


1 SEGMENT OF INCANDESCENT DISPLAY 
(DR2000 SERIES OR EQUIVALENT) 


Where: Vp = Input Pulse Voltage 
Ve = Forward Voltage Drop Across the Diode 


FIGURE 1. SCHEMATIC DIAGRAM SHOWING ONE FIGURE 2. SCHEMATIC DIAGRAM SHOWING ONE TRANSIS- 
TRANSISTOR OF THE CA3081 DRIVING ONE TOR OF THE CA3082 DRIVING A LIGHT EMITTING 
SEGMENT OF AN INCANDESCENT DISPLAY DIODE (LED) 


Typical Performance Curves 


1.0 
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w ch 
cs wa 
Zo Ee 
Ok =O 
2 geo 
< ff Te 
z LL WW 
O na 
OZ <x 
= MF O7 
OF a a 
ue 
Of 
0.6 = 4 
COLLECTOR CURRENT (mA) COLLECTOR CURRENT (mA) > = 
> 
FIGURE 3. DC FORWARD CURRENT TRANSFER RATIO vs FIGURE 4. BASE-TO-EMITTER SATURATION VOLTAGE vs P| = 
COLLECTOR CURRENT COLLECTOR CURRENT oc 
 § 


COLLECTOR-TO-EMITTER 

SATURATION VOLTAGE (V) 
COLLECTOR-TO-EMITTER 
SATURATION VOLTAGE (V) 


| pe 
f ae 
TT 
? a 
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COLLECTOR CURRENT (mA) COLLECTOR CURRENT (mA) 


FIGURE 5. COLLECTOR-TO-EMITTER SATURATION VOLTAGE FIGURE 6. COLLECTOR-TO-EMITTER SATURATION VOLTAGE 
vs COLLECTOR CURRENT vs COLLECTOR CURRENT 
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SEMICONDUCTOR 


aD 


September 1996 


Features 
¢ High Ic 100mA (Max) 
¢ Low VcE sat (at 50mA) 0.7V (Max) 


¢ Matched Pair (Q; and Qo) 
= Vigo Wee Match) 2.26 cvescccasicecee +5mV (Max) 
- lio (at 1mA) 2.5u.A (Max) 


e 5 Independent Transistors Plus Separate Substrate 
Connection 


Applications 


¢ Signal Processing and Switching Systems Operating 
from DC to VHF 


Lamp and Relay Driver 

Differential Amplifier 

Temperature Compensated Amplifier 
Thyristor Firing 


See Application Note AN5296 “Applications of the 
CA3018 Circuit Transistor Array” for Suggested 
Applications 


Pinout 


CA3083 


General Purpose High Current 
NPN Transistor Array 


Description 


The CA3083 is a versatile array of five high current (to 
100mA) NPN transistors on a common monolithic substrate. 
In addition, two of these transistors (Q; and Qo) are 
matched at low current (i.e., 1mA) for applications in which 
offset parameters are of special importance. 


Independent connections for each transistor plus a separate 
terminal for the substrate permit maximum flexibility in circuit | 
design. | 


Ordering Information 


PART NUMBER TEMP. 
(BRAND) RANGE (°C)|_ PACKAGE 
CA3083 -55 to 125 |16Ld PDIP E16.3 
CAS08SF -55t0 125 |16Ld CERDIP F163 3 


wel -55to 125 |16Ld SOIC — 1S 
(3083) 

CA3083M96 -55to 125 |16Ld SOIC Tape |M16.15 
(3083) and Reel 


CA3083 
(PDIP, CERDIP, SOIC) 
TOP VIEW 


SUBSTRATE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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481.3 


File Number 


CA3083 


Absolute Maximum Ratings 


The following ratings apply for each transistor in the device: 


Thermal Information 


Thermal Resistance (Typical, Note 2) Qya (CCIW) 8yc (CCW) 


Collector-to-Emitter Voltage, VcFO ....-.--. ee eee eee eee 15V CEADIP PACKOOG «2s csssvsee xen 135 65 
Collector-to-Base Voltage, Vopo .....--- ee eee eee eee eee 20V PUIP POCRIGG «cscs dec cntseend owe 135 N/A 
Collector-to-Substrate Voltage, Vcio (Note 1).............. 20V SOIC PAGO. 6 osc cccasneesnewn ; 200 N/A 
Emitter-to-Base Voltage, Vege ««.<e+rennr te trsesseneenes SV Maximum Power Dissipation (Any One Transistor)........ 500mW 
CONSTI OUON Cis) a coke wewe nev ene waded deri ne eG Oza 100mA = Maximum Junction Temperature (Hermetic Package) ........ 175°C 
Base Current (lp) «sc. sss ccncncensu ewes aeeseeew eens 20mA Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Operating Conditions Maximum Lead Temperature (Soldering 10s)............. 300°C 


Temperature Range ..............-..00 ee eee -55°C to 125°C oie ieee Nps Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. The collector of each transistor of the CA3083 is isolated from the substrate by an integral diode. The substrate must be connected to a 
voltage which is more negative than any collector voltage in order to maintain isolation between transistors and provide normal transistor 
action. To avoid undesired coupling between transistors, the substrate Terminal (5) should be maintained at either DC or signal (AC) 
ground. A suitable bypass capacitor can be used to establish a signal ground. 


2. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications — For Equipment Design, Ta = 25°C 


PARAMETER SYMBOL TEST CONDITIONS | min. | TYP | MAX UNITS 


FOR EACH TRANSISTOR 


Collector-to-Base Breakdown Voltage V(BR)CBO | !c = 100HA, IE = 0 ) 20 | 6 | - J vi 


Collector-to-Emitter Breakdown Voltage V(BR)CEO | !c = 1mA, Ip = 0 


ViBR)CIO. | Ic) = 100A, Ip = 0, IE = 0 


< 


Collector-to-Substrate Breakdown Voltage 


V(BR)EBO | !E = SO0pA, Ic = 0 
ICEO Voce = 10V, Ip =0 


cz 
= 
Ce 
ig TOMA 
| 
< 
213 


Emitter-to-Base Breakdown Voltage 


Collector-Cutoff-Current 


Collector-Cutoff-Current 


ICBO 
DC Forward-Current Transfer Ratio (Note 3) (Figure 1) 


VceE = 3V 


: 
FOR TRANSISTORS Q, AND Qo (As a Differential Amplifier) 
F thot | Voce = 3V, Io = 1mA 
NOTE: 


3. Actual forcing current is via the emitter for this test. 


Base-to-Emitter Voltage (Figure 2) 
0.7 


oO 


Collector-to-Emitter Saturation Voltage (Figures 3, 4) 


= i 
a 
m 


Hz 


Gain Bandwidth Product 


24 

76 

is 
.74 

50 

Absolute Input Offset Voltage (Figure 6) 1.2 
v4 


Absolute Input Offset Current (Figure 7) 2 


le 


aE EK: 
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ARRAYS AND DIFF. 


AMPLIFIERS 


CA3083 


Typical Performance Curves 


_ 
So 
oO 


DC FORWARD CURRENT TRANSFER RATIO 
BASE-TO-EMITTER VOLTAGE (V) 


COLLECTOR CURRENT (mA) COLLECTOR CURRENT (mA) 


FIGURE 1. hee vs Ic FIGURE 2. Vee vs Ic 


COLLECTOR-TO-EMITTER 
SATURATION VOLTAGE (V) 


NERA 
ANT 


COLLECTOR-TO-EMITTER 
SATURATION VOLTAGE (V) 


COLLECTOR CURRENT (mA) COLLECTOR CURRENT (mA) 


FIGURE 3. Vce sat VS Ic FIGURE 4. Vce sat VS Ic 
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COLLECTOR CURRENT (mA) COLLECTOR CURRENT (mA) 
FIGURE 5. Vee sar VS Ic FIGURE 6. Vio vs Ic (TRANSISTORS Q; AND Q> AS A 
DIFFERENTIAL AMPLIFIER) 
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CA3083 


Typical Performance Curves (continued) 


= 
i=) 


ABSOLUTE INPUT OFFSET CURRENT (A) 


COLLECTOR CURRENT (mA) 


FIGURE 7. lio vs Ic (TRANSISTORS Q,; AND Qpz AS A DIFFERENTIAL AMPLIFIER) 


ARRAYS AND DIFF. 
AMPLIFIERS 
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FARRIS 


SEMICONDUCTOR 


November 1996 


Applications 


¢ Three Isolated Transistors and One Differentially 
Connected Transistor Pair For Low-Power Applications 
from DC to 120MHz 


General-Purpose Use in Signal Processing Systems 
Operating in the DC to 190MHz Range 


Temperature Compensated Amplifiers 


See Application Note, AN5296 “Application of the 
CA3018 Integrated-Circuit Transistor Array” for 
Suggested Applications 


Ordering Information 


PART NUMBER TEMP. 
(BRAND) RANGE (°C) 
CA3086 -55to125 |14Ld PDIP 


CA3086M -55to 125 |14Ld SOIC M14.15 
(3086) 

CA3086M96 -55 to 125 |14LdSOIC Tape |M14.15 
(3086) and Reel 


CA3086F -55 to 125 |14LdCERDIP F14.3 


Pinout 


CA3086 


General Purpose NPN 
Transistor Array 


Description 


The CA3086 consists of five general-purpose silicon NPN 
transistors on a common monolithic substrate. Two of the 
transistors are internally connected to form a differentially 
connected pair. 


The transistors of the CA3086 are well suited to a wide vari- 
ety of applications in low-power systems at frequencies from 
DC to 120MHz. They may be used as discrete transistors in 
conventional circuits. However, they also provide the very 
significant inherent advantages unique to integrated circuits, 
such as compactness, ease of physical handling and ther- 
mal matching 


CA3086 
(PDIP, CERDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 


SUBSTRATE 


FileNumber 483.3 
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CA3086 


Absolute Maximum Ratings Thermal Information 
The following ratings apply for each transistor in the device: Thermal Resistance (Typical, Note 2) Bya (CCIW) @ ye (CCW) 
Collector-to-Emitter Voltage, Vcfo..... eee eee 15V CERDIP PACKSGG ¢icciccwuvouwnss 150 75 
Collector-to-Base Voltage, VcBO ....... 6. eee ee eee 20V PDIP Package................... 180 N/A 
Collector-to-Substrate Voltage, Voip (Note 1)............ 20V SOIC Package. .ccccecaxccctwavss 220 N/A 
Emitter-to-Base Voltage, Vego......---- cece eee ee eee 5V Maximum Power Dissipation (Any one transistor)......... 300mW 
Coleco CUMGH, Wesco see astcaienweanseee sees ce ans 50mA Maximum Junction Temperature (Hermetic Packages) ....... 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Operating Conditions Maximum Storage Temperature Range ......... -65°C to Linc 
Temperature Range. 2.0.0.0... dove mice ee _ 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. The collector of each transistor in the CA3086 is isolated from the substrate by an integral diode. The substrate (Terminal 13) must be 
connected to the most negative point in the external circuit to maintain isolation between transistors and to provide for normal transistor 
action. To avoid undesirable coupling between transistors, the substrate (Terminal 13) should be maintained at either DC or signal (AC) 
ground. A suitable bypass capacitor can be used to establish a signal ground. 


2. 8ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications = T, = 25°C, For Equipment Design 


[_araweren ‘| svwaoi [resrcowomons [win [Te [ WAX | UNTS_ 
[ctetoro tase Beatdomvomos | venceo fo=vme=0 | © | @ | - |v 
cakcorienite Beatin vowe | Yoncso fo=imme=a |= | | - |v _ 
cakcorisisiaeBrakomnvetewe | Vanco [o=rra-0 | = | © | - |v _ 
Enterta teamvcie | voneeo [e=VOnre=0 |e | 7 [| - | ¥_ 
Collector-Cutoff Current (Figure 1) —“h oCe ee 2 ce 
Collector-Cutoff Current (Figure 2) | cco }Vce=10VIg=0, | - | (Figure2)] 5 | pA | 
ecru erro Faves) | tre [veresvienma | @ | wo | — | 


Electrical Specifications = T, = 25°C, Typical Values Intended Only for Design Guidance 


TYPICAL 
PARAMETER SYMBOL TEST CONDITIONS VALUES UNITS 


DC Forward-Current Transfer Ratio Voge =3V Ic = 10mA a. Ne 
(Figure 3) 
Vee Temperature Coefficient (Figure 5) AVpg/AT Voce =3V,lo=1mMA ae | omvec 


Collector-to-Emitter VCE SAT Ip = 1mMA, Ic = 10MA 

Saturation Voltage 

Noise Figure (Low Frequency) f = 1kHz, Vog = 3V, Io = 100pA, aa 
Rs = 1kQ 


Base-to-Emitter Voltage (Figure 4) 
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ARRAYS AND DIFF. 


AMPLIFIERS 


CA3086 


Electrical Specifications —T, = 25°C, Typical Values Intended Only for Design Guidance (Continued) 


TYPICAL 
PARAMETER SYMBOL TEST CONDITIONS VALUES UNITS 


Low-Frequency, Small-Signal Equivalent- f = 1kHz,VceE = 3V, Ic = 1MA 
Circuit Characteristics: 


Forward Current-Transfer Ratio 
(Figure 6) 


NFE 


Short-Circuit Input Impedance 
(Figure 6) 


Open-Circuit Output Impedance 
(Figure 6) 


Open-Circuit Reverse-Voltage 
Transfer Ratio (Figure 6) 


Admittance Characteristics: f = 1MHz,Vcg = 3V, Ic = 1MA 
Forward Transfer Admittance YFE 
(Figure 7) 


Input Admittance (Figure 8) 
Output Admittance (Figure 9) 


Reverse Transfer Admittance 
(Figure 10) 
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CA3086 


Typical Performance Curves (continued) 
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Ta= 25°C, Vee = 3V, lc = 1MA 


ati 
mE 

mele 

gfe eT 

| | tity | tT ttt | tT 

tT | |} 


INPUT CONDUCTANCE (gj) 
AND SUSCEPTANCE (bje) (mS) 
wow 


PR ie ees ee 
1 10 
FREQUENCY (MHz) 


FIGURE 8. y;¢ vs FREQUENCY 


7-55 


LL 

= yp 
Or 
Ow 
S & 
Ts 
> o 
t= 
oc 
oc 

< 


CA3086 


Typical Performance Curves (Continued) 


6 | COMMON EMITTER CIRCUIT, BASE INPUT | ||| 
Ta = 25°C, Vee = 3V, lo = 1MA ea 
: Air 
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COMMON EMITTER CIRCUIT, BASE INPUT 
Ta = 25°C, Veg = 3V, Ic = 1MA 
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20 eo 


1 100 
FREQUENCY (MHz) PREGUENE (MHz) 


FIGURE 9. yor vs FREQUENCY FIGURE 10. ype vs FREQUENCY 


Vee=3v | | {| | | | ft 


GAIN BANDWIDTH PRODUCT (MHz) 


COLLECTOR CURRENT (mA) 


FIGURE 11. fy vs Ic 
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™ HARRIS CA3096, CA3096A, 
sauicounusves CA3096C 


August 1996 NPN/PNP Transistor Arrays 


Applications Description 


Five-Independent Transistors The CA3096C, CA3096, and CA3096A are general purpose 
- Three NPN and high voltage silicon transistor arrays. Each array consists of 
- Two PNP five independent transistors (two PNP and three NPN types) 
on a common substrate, which has a separate connection. 
Independent connections for each transistor permit maxi- 
DC Amplifiers mum flexibility in circuit design. 


sehee AMpUTEKS Types CA3096A, CA3096, and CA3096C are identical, except 
Level Shifters that the CA3096A specifications include parameter matching 
Timers and greater stringency in Icpo, IcEo, and VcE(SAT). The 
CA3096C is a relaxed version of the CA3096.To type this 
body text, simply triple click this paragraph and begin typing. 
The paragraph tag for this area is called body. 


Differential Amplifiers 


Lamp and Relay Drivers 
Thyristor Firing Circuits 
Temperature Compensated Amplifiers 


iil cs CA3096, CA3096A, CA3096C 
Ordering Information Essential Differences 


any NUMBER oa CHARACTERISTIC | CA3096A | CA3096 | CA3096C 
(BRAND) RANGE (°C) V(BR)CEO (V) (Min) 
CA3096AE -55to 125 |16Ld PDIP E16.3 NPN 35 35 24 


CA3096AM -55to125 |16Ld SOIC M16.15 “40 -A0 24 
V(BR)cBO (V) (Min) 
CA3096AM96 -55to125 |16LdSOIC Tape |M16.15 
(3096A) and Reel NPN 45 45 
-40 


30 


CA3096CE 55 to 125 | 16Ld PDIP E163 | 40 | 40 “ 

LL 
CA3096E -55to125 |16Ld PDIP E16.3 heg at 1mA x oy 
CA3096M -55 to 125 |16Ld SOIC M16.15 NPN 150-500 | 150-500 | 100-670 ral a 
(3096) Zi 
20-200 15-200 qt 
CA3096M96 -55to125 |16LdSOIC Tape |M16.15 —s eo ”) = 
(3096) and Reel Ope ab zs 
PNP 40-250 30-300 c < 

ICBO (nA) (Max) < 


Pinout 
CA3096, CA3096A, CA3096C NPN 
(PDIP, SOIC) 
TOP VIEW 


BSS 


fe 
jo) 


ICEO (NA) (Max) 


Voce sat (V) (Max) 

IViol (mV) (Max) oe 
ae 
bal 


NPN 


fo) 
oi 


lio! (WA) (Max) 
NPN 


oS f] 
i oyu ° 


o) 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 595.3 
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CA3096, CA3096A, CA3096C 


Absolute Maximum Ratings Operating Conditions 
NPN PNP Temperature Range ..............0ec eee ee eee -55°C to 125°C 
Collector-to-Emitter Voltage, VcEo 
CA3096, CA3096A............. 02 ee eee 35V -40V Thermal Information 
oe Voltag “ —— ee “— sail Thermal Resistance (Typical, Note 2) By (CCW) 
CA3096, CA3096GA..............00e- eee. 45V -40V PDIP PAGKOOG : 6s 2cccceestaeedakevieaasan ann 90 
DASOSES cia cissnnccveaeetascawanass 30V -24V SOIC Package. ........-- 6. eee cece eee eens 170 
Collector-to-Substrate Voltage, Vcjo (Note 1) Maximum Power Dissipation (Each Transistor, Note 3) ..... 200mW 
CA3096, CA3096A..............2.-00 ee 45V ‘ Maximum Junction Temperature (Plastic Package) ........ 150°C 
CA3096C ...... ccc cccccccccccccccacce 30V 7 Maximum Storage Temperature Range .......... -65°C to 150°C 
Emitter-to-Substrate Voltage, Vei9 Maximum Lead Temperature (Soldering 10s)............. 300°C 
CA3096, CAS09GA ............. 0.00 eee eee . -40V (SOIC - Lead Tips Only) 
CASO 22% baes doneeeresenedeteerees . -24V 
Emitter-to-Base Voltage, VERO 
CA3096, CA309GA ..... 6... eee eee 6V -40V 
CIROUOOD 65.8 esse kde ends Cane deed ees 6V -24V 
Collector Current, Ic (All Types)............ 50mA -10mA 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. The collector of each transistor of the CA3096 is isolated from the substrate by an integral diode. The substrate (Terminal 16) must be 
connected to the most negative point in the external circuit to maintain isolation between transistors and to provide for normal transistor 
action. 


2. 8ja is measured with the component mounted on an evaluation PC board in free air. 


3. Care must be taken to avoid exceeding the maximum junction temperature. Use the total power dissipation (all transistors) and thermal 
resistances to calculate the junction temperature. 


Electrical Specifications For Equipment Design, At Ta = 25°C 
CA3096 


TEST 
PARAMETER CONDITIONS TYP 


DC CHARACTERISTICS FOR EACH NPN TRANSISTOR 
0.001 


CA3096A CA3096C 
UNITS 


- 
< 
me] 


100 0.001 40 


— 
© 
io) 
=) 

> 


ICBO Vcp = 10V, 
lIE=0 


0.006 1000 0.006 100 0.006 1000 nA 


ICEO Voce = 10V, 
In =0 


35 


ine) 
G 
on 


V(BR)CEO Ic = 1MA, lp=0 


ol 
oO 


Oo 
~ N 
i & 


V(BR)CBO c = = 45 45 100 30 
E = 

V(BR)CIO Ic) = 10pA, 45 100 
Ip=l—E=0 


V(BR)EBO le = 10pA, 
Ic =0 


Iz = 10nA 


or oOo 


— 
uo 
oO 


oe 
VCE SAT Ic = 10mA, 


0.24 0.7 0.24 0.5 
lIp=1mA 


390 670 
|AVpe/ATI (Note 4) Ic = 1mA, 1.9 1.9 1.9 
Voce = 5V 


DC CHARACTERISTICS FOR EACH PNP TRANSISTOR 


le=0 


0 


N 


N 


0.78 


< 


3 
O 
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CA3096, CA3096A, CA3096C 


Electrical Specifications For Equipment Design, At Ta = 25°C (Continued) 


— CA3096 CA3096A 
PARAMETER CONDITIONS P | MAX | P | MAX | 
IcEO Vog = -10V, -0.12 | -1000 -0.12 | -100 
~. 0 
V(BR)CEO = -100pA, 
= 0 
V(BR)CBO = -10pA, 
. 0 
V(BR)EBO le = -10pA, 
Ic =0 
V(BR)EIO fal = 10pA, 40 
=Ic=0 
VCE SAT = = -1mA, 
Ip = -100pA 
Vee (Note 4) Io = -100pA, -0.5 
a = -5V 


CA3096C 


-0.12 -1000 


-100 -100 


-0.16 -0.16 


hee (Note 4) = -100pA, 40 
ae = -5V 
Ico =-1mA, 20 
Voce = -5V 
|AVee/ATI (Note 4) | Ico =-100nA, 
Voge = -5V 
ICBO Collector-Cutoff Current Vz Emitter-to-Base Zener Voltage 
ICEO Collector-Cutoff Current Voce sat Collector-to-Emitter Saturation Voltage 
V(BR)CEO Collector-to-Emitter Breakdown Voltage VBE Base-to-Emitter Voltage 
V(BR)CBO Collector-to-Base Breakdown Voltage NFE DC Forward-Current Transfer Ratio 
ViBR)cIO = Collector-to-Substrate Breakdown Voltage |[AVpg/ATI Magnitude of Temperature Coefficient: 


V(BR)EBO Emitter-to-Base Breakdown Voltage pe ER PASI 


NOTE: 
4. Actual forcing current is via the emitter for this test. 


Electrical Specifications For Equipment Design At Ta = 25°C (CA3096A Only) 


CA3096A 


PARAMETER SYMBOL TEST CONDITIONS 


FOR TRANSISTORS Q, AND Qo (AS A DIFFERENTIAL AMPLIFIER) 


Absolute Input Offset Voltage 
Temperature Coefficient 
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ARRAYS AND DIFF. 


AMPLIFIERS 


CA3096, CA3096A, CA3096C 


Electrical Specifications Typical Values Intended Only for Design Guidance At Ta = 25°C 


TYPICAL 
PARAMETER SYMBOL TEST CONDITIONS VALUES UNITS 


DYNAMIC CHARACTERISTICS FOR EACH NPN TRANSISTOR 


Noise Figure (Low Frequency) f = 1kHz, Veg = BV, Ic = 1MA, Rg = 1kQ 2.2 
Low-Frequency, Input Resistance PR f= 1.0kKHz, Vcg = 5V Io =1mMA 


Low-Frequency Output Resistance f = 1.0kHz, Voce =5V Ilo =1mMA 


x 
re} 


x 


o 


Admittance Characteristics 
Forward Transfer Admittance 


= 
7) 


QFE f = 1MHz, Voce = 5V, Ic = IMA 


75 
f= 1MHz, Vog = 5V, Io = 1mA 


oe bre | f= 1MHz, Vog = 5V, Ic = 1mA 
Input Admittance mS | 
ae bie | f = 1MHz, Voge = 5V, Io = 1MA S 
Output Admittance ' gore | f=1MHz, VcE=S5V, lo =1MmA 0.76 S 
OE 


n” 


boc | f= 1MHz, Voge = 5V, Ic = 1MA 


fr Voce = 5V, Ic = 1.0MA MHz 
Voce = 5V, Ico = 5mA 335 MHz 


Emitter-To-Base Capacitance Cep Vep=3V 0.75 


Gain-Bandwidth Product 


© 
m 


ne) 
nN 


Collector-To-Base Capacitance Cop 


Collector-To-Substrate Capacitance Cc) Vc} = 3V 


< 
2) 
w 
T 
oe) 
< 
Nea 
ho 
no) 


Tv 


se 
ols 
=\|a 
nN © 
o} 2 
aia 
c|s 
5 © 
a 
s|< 
so 
Cc TT 
~*1o 
Dio 
ole 
oO | @o 
a3 
sit 
OQ 
© 
za 
nN 
— — 
TT T 
—_ — 
~~ ~~ 
oe oo 
N |] N 
<= — 
oO (@) 
m Il 
ris 
8 io) 
<|= 
es 
2 sy 
ll ” 
=i 
oO 
[ axe — 
ecIlix 
>i 
he) 
: ; 
- 
+o) 


f = 1kHz, Voge = 5V, Io = 100HA 680 kQ 
Emitter-To-Base Capacitance Ces Vep = -3V 


TC 
nA 


Collector-To-Base Capacitance 


O 
@) 
wo 

< 
O 
w 

i 

A) 

< 

nm 
ho 
on 

0} 


Tv 
“T} 


Base-To-Substrate Capacitance Cp) Vp = 3V 3.05 


(SUBSTRATE) 


= 
O 
5 

V+=10V 

+= 

3 
hee 
= | 
re) 

or OUTPUT 

1. fg-f;>0 fy =f2 fy -fg>0 
NOTE: Fy OR F2 < 10kHz = FREQUENCY DEVIATION (kHz) 
FIGURE 1. FREQUENCY COMPARATOR USING CA3096 FIGURE 2. FREQUENCY COMPARATOR CHARACTERISTICS 
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CA3096, CA3096A, CA3096C 


Typical Applications (continued) 


+6V 


5kQ 


> OUTPUT 


TIME DELAY CHANGES +7% 
FOR SUPPLY VOLTAGE CHANGE OF +10% 


FIGURE 4. ONE-MINUTE TIMER USING CA3096A AND A MOSFET 


AMPLIFIERS 


V+ 


ARRAYS AND DIFF. 


—— 36 1kQ 
Te Tg Ry E 
DEO +VT 
IF lo = 1mA AND R_ = 1kQ y 
V7 =+36mV IN : 


FIGURE 5. CA3096A SMALL-SIGNAL ZERO VOLTAGE DETECTOR HAVING NOISE IMMUNITY 
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CA3096, CA3096A, CA3096C 


Typical Applications (Continued) 


1.5V LAMP GE 2158D 
OR EQUIVALENT 


NOTES: 


5. Can be operated with either dual 
supply or single supply. 

. Wide-input common mode range 
+5V to -5V. 


. Low bias current: <1pA. 


VOLTAGE GAIN (dB) 


FREQUENCY (kHz) 
FIGURE 8. FREQUENCY RESPONSE 
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CA3096, CA3096A, CA3096C 


Typical Performance Curves 


7 — = a 
< — ae! Sel 
= a a NA 
< it ——— 
— 4 x 1 
z 3 aaa saan meee 
2 i a 
5 a : a a 
e ott tt ttt Tt o ap 
= re) a Eee 
c 2 jt 
Ww ee eee ee 
it ————- 
woe TELE TELE EEE EEE ee a 
7 7.5 8 8.5 9 -100 -75 -50 -25 0 25 50 75 100 
ZENER VOLTAGE (V) TEMPERATURE (°C) 
FIGURE 9. BASE-TO-EMITTER ZENER CHARACTERISTIC (NPN) FIGURE 10. COLLECTOR CUT-OFF CURRENT (IcgEo) vs 
TEMPERATURE (NPN) 


a 
So 
So 


imal 
wr at ¥ 
ATi 
sate 


> 
i=] 
o 


COLLECTOR CUT-OFF CURRENT (pA) 
DC FORWARD CURRENT TRANSFER RATIO 


—— 

__ 

Aa! 200 ——or me 

sd 

= Bill 
j Een 100 

mo ae. 

a a — us 
2 ‘ LD 
: : ‘ 0.01 0.1 1 10 = oc 

TEMPERATURE (°C) COLLECTOR CURRENT (mA) - a 
FIGURE 11. COLLECTOR CUT-OFF CURRENT (Icgo) vs FIGURE 12. TRANSISTOR (NPN) heg vs COLLECTOR = 
TEMPERATURE (NPN) CURRENT = s 
oat 
c 
< 


Ic = 10mA, 1.67mV/°C 
Ic = 5mA, 1.77mVP°C 
Ic = 1mA, 1.90mV/°C 
Ic = 100nA, 2.05mV/°C 


BASE TO EMITTER VOLTAGE (V) 


BASE TO EMITTER VOLTAGE (V) 


COLLECTOR CURRENT (mA) TEMPERATURE (°C) 
FIGURE 13. Vee (NPN) vs COLLECTOR CURRENT FIGURE 14. Vee (NPN) vs TEMPERATURE 
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CA3096, CA3096A, CA3096C 


Typical Performance Curves (Continued) 


= 
ro) 


COLLECTOR CUT-OFF CURRENT (pA) 


COLLECTOR TO EMITTER 
SATURATION VOLTAGE (V) 


aa) 
of} LU | YA Uh 


_ 
S| 
re <r 
0.1 1.0 10 100 
COLLECTOR CURRENT (mA) TEMPERATURE (°C) 


FIGURE 15. Voce sat (NPN) vs COLLECTOR CURRENT FIGURE 16. COLLECTOR CUT-OFF CURRENT (IcgEo) vs 
TEMPERATURE (PNP) 


COLLECTOR CUT-OFF CURRENT (pA) 
DC FORWARD CURRENT TRANSFER RATIO 


TEMPERATURE (°C) COLLECTOR CURRENT (mA) 
FIGURE 17. COLLECTOR CUT-OFF CURRENT (Icgo) vs FIGURE 18. TRANSISTOR (PNP) hr vs COLLECTOR CURRENT 
TEMPERATURE (PNP) 


DC FORWARD CURRENT TRANSFER RATIO 
BASE TO EMITTER VOLTAGE (V) 


0.01 0.1 
TEMPERATURE (°C) COLLECTOR CURRENT (mA) 
FIGURE 19. TRANSISTOR (PNP) hee vs TEMPERATURE FIGURE 20. Vee (PNP) vs COLLECTOR CURRENT 
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CA3096, CA3096A, CA3096C 


Typical Performance Curves (Continued) 


Ss 
0.9 G 
S — Ic = 5A, AVpg/AT - 0.97MV/°C an 
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FIGURE 21. Vee (PNP) vs TEMPERATURE FIGURE 22. MAGNITUDE OF INPUT OFFSET VOLTAGE IVjo! vs 
COLLECTOR CURRENT FOR NPN TRANSISTOR 
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NOISE FIGURE (dB) 
NOISE FIGURE (dB) 


0.01 0.1 1 10 100 A + 100 
FREQUENCY (kHz) FREQUENCY (kHz) 
FIGURE 25. NOISE FIGURE vs FREQUENCY FOR NPN FIGURE 26. NOISE FIGURE vs FREQUENCY FOR NPN 
TRANSISTORS TRANSISTORS 
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CA3096, CA3096A, CA3096C 


Typical Performance Curves (continued) 


NOISE FIGURE (dB) 


Rsource = 100kQ = 


Rsource = 1MQ === 


at NULL 
AUSSIE ETT TTT 

‘LL NLL di 

BRUTE al 


| Stele 


0.01 0.1 1 10 100 
FREQUENCY (kHz) 


FIGURE 27. NOISE FIGURE vs FREQUENCY FOR NPN 


CAPACITANCE (pF) 


OUTPUT RESISTANCE (kQ) 


TRANSISTORS 


BIAS VOLTAGE (V) 
FIGURE 29. CAPACITANCE vs BIAS VOLTAGE (NPN) 
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FIGURE 28. GAIN-BANDWIDTH PRODUCT vs COLLECTOR 


CURRENT (NPN) 
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COLLECTOR CURRENT (mA) 
FIGURE 30. INPUT RESISTANCE vs COLLECTOR CURRENT 


FORWARD TRANSFER CONDUCTANCE (grr) OR 
FORWARD TRANSFER SUSCEPTANCE (brg) (mS) 


FREQUENCY (MHz) 
FIGURE 31. OUTPUT RESISTANCE vs COLLECTOR CURRENT FIGURE 32. FORWARD TRANSCONDUCTANCE vs FREQUENCY 


7-66 


CA3096, CA3096A, CA3096C 


Typical Performance Curves (continued) 


NOISE FIGURE (dB) INPUT CONDUCTANCE (gj¢) OR 


NOISE FIGURE (dB) 


INPUT SUSCEPTANCE (bj).) (mS) 


FREQUENCY (MHz) 
FIGURE 33. INPUT ADMITTANCE vs FREQUENCY 


FREQUENCY (kHz) 
FIGURE 35. NOISE FIGURE vs FREQUENCY (PNP) 


FREQUENCY (kHz) 
FIGURE 37. NOISE FIGURE vs FREQUENCY (PNP) 
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OUTPUT CONDUCTANCE (go¢) OR 
OUTPUT SUSCEPTANCE (bog) (mS) 


NOISE FIGURE (dB) 


Tl YWif 


GAIN-BANDWIDTH PRODUCT (MHz) 


FREQUENCY (MHz) 
FIGURE 34. OUTPUT ADMITTANCE vs FREQUENCY 
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FREQUENCY (kHz) 
FIGURE 36. NOISE FIGURE vs FREQUENCY (PNP) 


COLLECTOR CURRENT (mA) 


FIGURE 38. GAIN-BANDWIDTH PRODUCT vs COLLECTOR 
CURRENT (PNP) 


ARRAYS AND DIFF. 
AMPLIFIERS 


CA3096, CA3096A, CA3096C 


Typical Performance Curves (Continued) 


CAPACITANCE (pF) 
rm) 


BIAS VOLTAGE (V) 


FIGURE 39. CAPACITANCE vs BIAS VOLTAGE (PNP) 


Metallization Mask Layout 


CA3096H 
0 10 20 30 40 
| | | | | 
40 — 
30 — 
37-45 
20 — (0.940-1.143) 
10 — 
— 
— |<«— 4-10 (0.102-0.254) 


37-45 
(0.940-1.143) 


Dimensions in parentheses are in millimeters and are derived from the 
basic inch dimensions as indicated. Grid graduations are in mils (10°9 
inch). 


The photographs and dimensions represent a chip when it is part of 
the wafer. When the wafer is cut into chips, the cleavage angles are 
57 degrees instead of 90 degrees with respect to the face of the chip. 
Therefore, the isolated chip is actually 7mils (0.17mm) larger in both 
dimensions. 
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FARRIS 


SEMICONDUCTOR 


aD 


August 1996 


Features 

e Gain Bandwidth Product (fy) 

e Power Gain 30dB (Typ) at 100MHz 
* NOGG FIQUIG...<s0cccenanaes 3.5dB (Typ) at 100MHz 


e Five Independent Transistors on a Common Substrate 


Applications 
VHF Amplifiers 
Multifunction Combinations - RF/Mixer/Oscillator 
Sense Amplifiers 
Synchronous Detectors 
VHF Mixers 
IF Converter 
IF Amplifiers 
Synthesizers 


Cascade Amplifiers 


Pinout 


CA3127 


High Frequency NPN Transistor Array 


Description 


The CA3127 consists of five general purpose silicon NPN 
transistors on a common monolithic substrate. Each of the 
completely isolated transistors exhibits low 1/f noise and a 
value of fy in excess of 1GHz, making the CA3127 useful 
from DC to 500MHz. Access is provided to each of the termi- 
nals for the individual transistors and a separate substrate 
connection has been provided for maximum application flexi- 
bility. The monolithic construction of the CA3127 provides 
close electrical and thermal matching of the five transistors. 


Ordering Information 


PART 
NUMBER 
(BRAND) 


CA3127M 
(3127) 


CA3127 
(PDIP, SOIC) 
TOP VIEW 


SUBSTRATE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 662.3 
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ARRAYS AND DIFF. 


AMPLIFIERS 


CA3127 


Absolute Maximum Ratings Thermal Information 
The following ratings apply for each transistor in the device Thermal Resistance (Typical, Note 2) By, (CCW) 
Collector-to-Emitter Voltage, Vog9...-. eee eee 15V PDIP Package ...... 0.0... e ccc eee eee ees 90 
Collector-to-Base Voltage, Vogo...--.-- eee ee eee 20V SOIC Package... 0.00... ccc cece eee ee ees 175 
Collector-to-Substrate Voltage, Vcio (Note 1)...........-. 20V Maximum Power Dissipation, Pp (Any One Transistor)...... 85mW 
COT CGAL, Nee «ce eeen idence ents eseudewe pes ee 20mA Maximum Junction Temperature (Die) .................. 175°C 
Maximum Junction Temperature (Plastic Packages)........ 150°C 
Operating Conditions Maximum Storage Temperature Range ......... -65°C to 150°C 
Temperature Range ...........ceeeeeeeeeeees -55°C to 1259G | Maximum Lead Temperature (Soldering :t ) ee ee 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. The collector of each transistor of the CA3127 is isolated from the substrate by an integral diode. The substrate (Terminal 5) must be con- 
nected to the most negative point in the external circuit to maintain isolation between transistors and to provide for normal transistor action. 


2. 8) is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications T, = 25°C 


[PARAMETER | _TESTCONDITIONS | MIN] TYP_] WAX | UNITS 


DC CHARACTERISTICS (For Each Transistor) 
Collector-to-Base Breakdown Voltage 


ipo) 
io) 


Io = 10pA, Ie = 0 
Ic = 1MA, lg = 0 
loy = 10pA, Ip = 0, Ip = 0 
Ie = 10nA, Io =0 
Voce = 10V Ip = 0 
Vop = 10V, Ip = 0 
Voge = 6V 


uo 


Collector-to-Emitter Breakdown Voltage 


Collector-to-Substrate Breakdown-Voltage 
Emitter-to-Base Breakdown Voltage (Note 3) 
Collector-Cutoff-Current 


ye) 
oO 


i 
o on 


Collector-Cutoff-Current 


io) 
© 
jee) 


DC Forward-Current Transfer Ratio Io =5mA 
lo=1mA 
lo = 0.1mMA 
Ico = 5mA 0.81 0.91 


lo =1mA 0.76 | 0.86 


Collector-to-Emitter Saturation Voltage Io = 10MA, Ip = 1MA | = | 0.26 | 050 | vi 
Magnitude of Difference in Vpe Q,; and Qz Matched a a ee ee 


Magnitude of Difference in Ip i L | 0 3 LA 


DYNAMIC CHARACTERISTICS 


Noise Figure f = 100kHz, Rg = 500Q, Ic = 1mA = | 
Gain-Bandwidth Product Vor = 6V, Io = 5mA Rees 
Collector-to-Base Capacitance Vop = 6V, f = 1MHz pe | 
Collector-to-Substrate Capacitance Vo) = 6V, f = 1MHz —- 


> 

io) 
© 
oO 


on Nh | 
~“N oS ae) 


0.71 


Base-to-Emitter Voltage Voce = 6V 


© 
on 


ie) 


ep) 


ine) 
ine) 


GH 


nm 


p 
p 
p 


h 


See 
Fig. 5 


2 
3 
0 
2 


Emitter-to-Base Capacitance Vee = 4V, f = 1MHz 
Voltage Gain Voge = 6V, f = 10MHz, R, = 1kQ, lo = 1MA 


Power Gain Cascode Configuration 


f = 100MHz, V+ = 12V, Ic = 1mA 


2 
Noise Figure 
0 


oe 
ae x. 2 
Ee ks K 
a 
13! 
ae 


p 


p 
m 


Input Resistance Common-Emitter Configuration | 400 | 
Voce = 6V, Ic = 1mA, f = 200 MHz 6 


Output Resistance 


ie) 
N 


Input Capacitance 


nN 


Magnitude of Forward Transadmittance 


NOTE: 


3. When used as a zener for reference voltage, the device must not be subjected to more than 0.1mJ of energy from any possible capacitance 
or electrostatic discharge in order to prevent degradation of the junction. Maximum operating zener current should be less than 10mA. 


Output Capacitance 


a 
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CA3127 


Test Circuits 


BIAS-CURRENT 
ADJ 


FIGURE 1. VOLTAGE-GAIN TEST CIRCUIT USING CURRENT-MIRROR BIASING FOR Q, 


1.5 - 8pF 


NOTES: 


4. This circuit was chosen because it conveniently repre- 
sents a close approximation in performance to a proper- 
ly unilateralized single transistor of this type. The use of 
Qg3 in a current-mirror configuration facilitates simplified 
biasing. The use of the cascode circuit in no way implies 
that the transistors cannot be used individually. 


oD +12V 


Le 

5. E.F. Johnson number 160-104-1 or equivalent. a ” 

FIGURE 2. 100MHz POWER-GAIN AND NOISE-FIGURE TEST CIRCUIT = th 

q & 

wo al 

> 2 

GENERAL RADIO 1021-P1 100MHz BOONTON 91C < = 

100MHz GENERATOR TEST SET RF VOLTMETER e < 
< 


12Vp¢ 
POWER SUPPLY 


FIGURE 3A. POWER GAIN SET-UP 


VHF NOISE SOURCE a 100MHz -_ 100MHz -_ NOISE FIGURE METER 
HEWLETT PACKARD HP343A TEST SET POST AMPLIFIER HEWLETT PACKARD HP342A 
12Vpc 15Vp¢ 
POWER SUPPLY POWER SUPPLY 


FIGURE 3B. NOISE FIGURE SET-UP 
FIGURE 3. BLOCK DIAGRAMS OF POWER-GAIN AND NOISE-FIGURE TEST SET-UPS 
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CA3127 


Typical Performance Curves 


Ta = 25°C 


Rsource = 500 


NOISE FIGURE (dB) 


f = 10kHz 
f = 100kHz 


NOISE FIGURE (dB) 


P| N 
et. 


COLLECTOR CURRENT (mA) 


FIGURE 4. NOISE FIGURE vs COLLECTOR CURRENT 


Ta=2eec | | | ft | | ft 
MoerOV {| | | tT tf tt 
ee a a a a SS 


GAIN-BANDWIDTH PRODUCT (GHz) 
BASE-TO-EMITTER VOLTAGE (V) 


COLLECTOR CURRENT (mA) COLLECTOR CURRENT (mA) 
FIGURE 6. GAIN-BANDWIDTH PRODUCT vs COLLECTOR FIGURE 7. BASE-TO-EMITTER VOLTAGE vs COLLECTOR 
CURRENT CURRENT 


CAPACITANCE (pF) 


CAPACITANCE (pF) 


BIAS VOLTAGE (V) 
FIGURE 8A. CAPACITANCE vs BIAS VOLTAGE FOR Q>2 FIGURE 8B. TYPICAL CAPACITANCE VALUES AT f = 1MHz. 


THREE TERMINAL MEASUREMENT. GUARD ALL 
TERMINALS EXCEPT THOSE UNDER TEST. 
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CA3127 
Typical Performance Curves (continued) 


40 


Ta = 25°C, Vog = GV, R, = 1002 


40 
ee ae 
35 | FOR TEST CIRCUIT SEE FIGURE 19 35 Pt 


ry if iv | fi | 
| Ys Yi! | 


Z 20 Z 20 
o S 
Ww 15 be 15 
x 10 pt < 10 
2s ania gs 
TTT, OUTS SSS : 
ee = ~| 
5 a eS Sa SSS AT Senne Os -5 | Ta = 25°C, Vog = 6V, Ry = 1kQ =. 
Pe a jolFortestomour seeriaune1e | | 
1 10 1000 1 10 100 1000 
FREQUENCY (MHz) FREQUENCY (MHz) 
FIGURE 9. VOLTAGE GAIN vs FREQUENCY FIGURE 10. VOLTAGE GAIN vs FREQUENCY 


INPUT CONDUCTANCE (g};) OR 
SUSCEPTANCE (b,;) (mS) 


DC FORWARD CURRENT TRANSFER RATIO 


COLLECTOR CURRENT (mA) FREQUENCY (MHz) 


FIGURE 11. DC FORWARD-CURRENT TRANSFER RATIO (hee) FIGURE 12. INPUT ADMITTANCE (Y,,) vs FREQUENCY 
vs COLLECTOR CURRENT 


ARRAYS AND DIFF. 
AMPLIFIERS 


1.3 
Tp, = 25°C _ 12 Sees 
f = 200MHz = ve ett) « 
‘ ” 
5 S us Tititl £ 
re 4M os tiie ® 
DH E Zz & 
we = < 0.7 eas 7 rm 
gs Eo mE 
Ey Sos TTT] & 
2 € 8 o4 Ltill, 3 
26 5 0.3 tt 33 
K 5 > 0.2 2 5 
ao. 0.1 1 
= 7 i a a a ee a 3 
100 1000 
COLLECTOR CURRENT (mA) FREQUENCY (MHz) 
FIGURE 13. INPUT ADMITTANCE (Y,,) vs COLLECTOR FIGURE 14. OUTPUT ADMITTANCE (Y22) vs FREQUENCY 
CURRENT 
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CA3127 


Typical Performance Curves (Continued) 


Ta = 25°C 
Voce = 6V ~ 
= f = 200MHz _ 2 3 
E = a c= 
4 osrs| | Lo Al lj, & Ss 
8 Let] | | hd} dP ht ht fo 8 Ss rt 
S “| | | | sebet | | TdT log we z 
F z OE 
> F -= 
Q Ww EO 
= O Z< 
(e) 7) Ow 
rs} g <z 
- FA =< 
5 5 F 
a 
5°: = 
© 0.175 19 3 
0123 4 5 67 8 9 10 11 12 
COLLECTOR CURRENT (mA) COLLECTOR CURRENT (mA) 
FIGURE 15. OUTPUT ADMITTANCE (Y22) vs COLLECTOR FIGURE 16. FORWARD TRANSADMITTANCE (Y21) vs 
CURRENT COLLECTOR CURRENT 


MAGNITUDE OF REVERSE 
TRANSADMITTANCE (IY42!) (mS) 


PHASE-ANGLE OF FORWARD 
TRANSADMITTANCE (I05;!) (DEGREES) 


MAGNITUDE OF FORWARD 
TRANSADMITTANCE (lY¥5,1) (mS) 


0 - 
100 150 200 1000 
FREQUENCY (MHz) COLLECTOR CURRENT (mA) 
FIGURE 17. FORWARD TRANSADMITTANCE (Y>;) vs FIGURE 18. REVERSE TRANSADMITTANCE (Y;>) vs 
FREQUENCY COLLECTOR CURRENT 


MAGNITUDE OF REVERSE 


TRANSADMITTANCE (IY;9!) (mS) 
PHASE-ANGLE OF REVERSE 
TRANSADMITTANCE (I0,5!) (DEGREES) 


FREQUENCY (MHz) 


FIGURE 19. REVERSE TRANSADMITTANCE (Y,2) vs FREQUENCY 
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PHASE-ANGLE OF FORWARD 
TRANSADMITTANCE (i62;!) (DEGREES) 


PHASE-ANGLE OF REVERSE 
TRANSADMITTANCE (16,2!) (DEGREES) 


CA3141 


“High-Voltage Diode Array For Commercial, 
--tdustrial and Military Applications 


Description 


Matched Monolithic Construction The CA3141E High Voltage Diode Array Consists of ten gen- 


- Ve Match (Each Diode Pair).... 0.55mV Atl =1mA__ eral purpose high reverse breakdown diodes. Six diodes are 
internally connected to form three common cathode diode 


« Low Diode Capacitance....... 0.3pF (Typ) atVR=2V pairs, and the remaining four diodes are internally connected 
¢ High Diode-to-Substrate Breakdown......... 30V (Min) to form two common anode diode pairs. Integrated circuit 
construction assures excellent static and dynamic matching 
¢ Low Reverse (Leakage) Current ....... 100nA (Max) of the diodes, making the CA3141 extremely useful for a 
wide variety of applications in communications and switching 
Applications systems. 


¢ Balanced Modulators or Demodulators 
e Analog Switches 
¢ High-Voltage Diode Gates 


e Current Ratio Detectors 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) PACKAGE 


CA3141E -55 to 125 |16Ld PDIP E16.3 


Pinout 
CA3141 iL 
(PDIP) QO ie 
TOP VIEW QO w 
qu 
” ‘aed 
ou 
> 
t= 
ao = 
ao 
< 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 906.3 
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CA3146, CA3146A, 
a Da CA3183, CA3183A 


August 1996 High-Voltage Transistor Arrays 


ao 


Features Description 
e Matched General Purpose Transistors 

© Vee Match cic cacsccccndsvaciawesewsns +5mV (Max) 

¢ Operation from DC to 120MHz (CA3146, CA3146A) Pa 

3.2dB (CA3146, CA3146A) mon monolithic substrate. 

75mA (Max) (CA3183, CA3183A) — Types CA3146A and CA3146 consist of five transistors with two 

A pplications of res her aeil connected to en 7 pao ie acto 

— ; ; pair. These types are recommended for low power applications 

° VF neone. in Signal Processing Systems in DC through 4. bc through VHF range. (CA3146A and CA3146 are high 

voltage versions of the popular predecessor type CA3046.) 


The CA3146A, CA3146, CA3183A, and CA3183 are general 
purpose high voltage silicon NPN transistor arrays on a com- 


Custom Designed Differential Amplifiers 


Temperature Compensated Amplifiers Types CA3183A and CA3183 consist of five high current 
Lamp and Relay Drivers (CA3183, CA3183A) transistors with independent connections for each transistor. 
Thyristor Firing (CA3183, CA3183A) In addition two of these transistors (Q; and Qo) are matched 
Ordering Information at low current (i.e., 1mA) for applications where offset 


DART NUMBER TEMP. parameters are of special importance. A special substrate 
0 terminal is also included for greater flexibility in circuit 

— een desi CA3183A and CA3183 high vol f 
riences ea ice rt lala 
(S146A) The types with an “A” suffix are premium versions of their 
a M14.15 | non-“A” counterparts and feature tighter control of break- 


down voltages making them more suitable for higher voltage 


1 
P ere 
CA3146E 40 to 85 14 Ld PDIP applications. 
1 


(3146) For detailed application information, see companion Application 
M14.15 | Note AN5296 “Application of the CA3018 Integrated Circuit 
(3146) Transistor Array.” 


CA3183AE 40 to 85 16 Ld PDIP 


CA3183AM 40 to 85 16 Ld SOIC 
(3183A) 

CA3183AM96 __|-40 to 85 16 Ld SOIC Tape and Reel [M16.15 
(3183A) 


CA3183E 16 Ld PDIP E16.3 


CA3183M -40 to 85 16 Ld SOIC M16.15 
(3183) 
CA3183M96 -40 to 85 16 Ld SOIC Tape and Reel |M16.15 
(3183) 


Pinouts 
CA3146, CA3146A (PDIP, SOIC) CA3183, CA3183A (PDIP, SOIC) 
TOP VIEW TOP VIEW 


SUBSTRATE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


File Number 532.3 
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CA3146, CA3146A, CA3183, CA3183A 


Absolute Maximum Ratings Thermal Information 

Collector-to-Emitter Voltage (VcEo): Thermal Resistance (Typical, Note 2) By (°C/W) 
GAOIADA,; CADIGGA nsnis anean nse ce nawba Dredd ewe aN OOS 40V 14.Ld PDIP Package.............0. cc cece aee 100 
CA 199) GROSS ben be cout nnn ds ape Oceteekenernnsegans 30V 14 Ld SOIC Package..........0 0 cece eee eee 185 

Collector-to-Base Voltage (VcBpo): 16 Ld PDIP Package ............ 0c eee eee 90 
CASISGA, CASTOSA 0 cic cexredd enn Kebow erence weneanews 50V 16 Ld SOIC Package. ........ 00. cece cece e eee 175 
ARISE, CASISS 1c cence eenra nk euesearenewhwn dace 40V Maximum Power Dissipation (Any One Transistor, Note 3) 

Collector-to-Substrate Voltage (Vcjo, Note 1) CAMIAGA, GASES vc ianis ccwnn deawukianeeeeeseaas 300mWw 
GASIAGA, GAQTIOOA «205000016 sene wae Oreeeasanebea teas 50V CA3183A, CA3183 . 0... ccc cece eee cceeceeenes 500mw 
CA3146, CAS183 «1... ee eee eee eee ees vee 40V Maximum Junction Temperature (Die) ..............0.05. 175°C 

Emitter-to-Base Voltage (Vego) all types..................-5, SV Maximum Junction Temperature (Plastic Package) ........ 150°C 

Collector Current Maximum Storage Temperature Range (all types) . .-65°C to 150°C 
CASISG4, CAD14G cia wien eid cea vewas ededercueese SOmA Maximum Lead Temperature (Soldering 10s)............. 300°C 
CASIO, GANGS 6 once cnm reread etsy eeaenre vases Fe 75mA (SOIC - Lead Tips Only) 

Base Current (Ip) - CA3183A, CA3183 ................... 20mA 


Operating Conditions 
Temperature Range .............0. cece ee eee -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. The collector of each transistor is isolated from the substrate by an integral diode. The substrate must be connected to a voltage which is 
more negative than any collector voltage in order to maintain isolation between transisters, and to provide for normal transistor action. To 
avoid undesired coupling between transistors, the substrate terminal should be maintained at either DC or signal (AC) ground. A suitable 
bypass capacitor can be used to establish a signal ground. 


2. Oya is measured with the component mounted on an evaluation PC board in free air. 


3. Care must be taken to avoid exceeding the maximum junction temperature. Use the total power dissipation (all transistors) and thermal 
resistances to calculate the junction temperature. 


Electrical Specifications CA3146 Series 


PARAMETER SYMBOL 


DC CHARACTERISTICS FOR EACH TRANSISTOR 
Collector-to-Base V(BR)CBO | !c = 10HA, IE = 0 

Breakdown Voltage 

Collector-to-Emitter V(BR)CEO Ico = 1mMA, Ip =0 

Breakdown Voltage 

Collector-to-Substrate V(BR)CIO Ic) = 10pA, Ip = 0, 40 72 
Breakdown Voltage le =0 


Emitter-to-Base V(BR)EBO | !E = 10HA, Ic = 0 
Breakdown Voltage 
Collector-Cutoff Current Voce = 10V, Ip =0 


me [ieeenictma] s || =]|-|[-| =] — 
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Collector-Cutoff Current 


DC Forward-Current Transfer 
Ratio 


Base-to-Emitter Voltage 


Collector-to-Emitter 
Saturation Voltage 


ARRAYS AND DIFF. 
AMPLIFIERS 


CA3146, CA3146A, CA3183, CA3183A 


Electrical Specifications CA3146 Series (Continued) 


TEST | TEST CONDITIONS: TYPICAL CA3146A 


PARAMETER SYMBOL Ta = 25°C 


DC CHARACTERISTICS FOR TRANSISTORS Q, AND Qg (AS A DIFFERENTIAL AMPLIFIER) 
Magnitude of Input Offset Viol {Voce =5V, le = 1mA 
Voltage |Vpe1 - VBE! 

Magnitude of ad Voce = 5V, le = 1mMA 


Base-to-Emitter Temperature 
Voce = 5V, 


Coefficient 
Io4 = Ico =1mA 
DYNAMIC CHARACTERISTICS 


=f 
< 
Uv 
+ 
~< 
me) 
Zz 


NITS 


= 


mV/°C 


Magnitude of Vig pV/°C 


(VBE1 - VBE2) 
Temperature Coefficient 


i=) 
w 


Magnitude of Input Offset 
Current Ilio4 - liga! 

(CA3146AE and CA3146E 
Only) 


Voce = 5V, 
Tes | = loo = 1imA 


_ ak oO 

aa wo = 

ok © 
. pare a 
: = 


oO 
oO 


Low Frequency Noise 3.25 


Figure 


f = 1kHz,Vcoeg = 5V, 
I¢ = 100A, Source 
Resistance = 1kQ 


Low-Frequency, Small-Signal 
Equivalent-Circuit 
Characteristics: 


Forward-Current 100 


Transfer Ratio 


f = 1kHz, Voge = 5V, 
lc =1mA 


+e) 


Short-Circuit Input 
Impedance 


f = 1kHz, Voge = 5V, 
Ic=1mA 


Open-Circuit Output 
Impedance 


f = 1kHz, Vce = 5V, 
Ic=1mA 


= 


= = ne) 
fo) a : 


3 
— 
oO 


Open-Circuit Reverse 
Voltage Transfer Ratio 


f = 1kKHz, Vcg = 5V, 
Ic =1mA 


= 
Yee f = 1MHz, Vor = SV, 

Ilc=1mA 
= 


ok 
= 
= 


Admittance Characteristics: 


Forward Transfer 
Admittance 


31-j1.5 


oO ae —_ (ge) 
wo Sm on os ne) 
+ bX ro) oi 


= 
7) 


Input Admittance f = 1MHz, Voce = 5V, 


lc=1mA 


ro) 
ro) 
> 


” 


Output Admittance f = 1MHz, Voce = SV, 


lc=1mMA 


Oe om 
[@) 
[ge ) 


oO 
oO 


3 
7) 


Reverse Transfer 
Admittance 


f = 1MHz, Vce = 5V, 
Ic=1mA 


QO 
e 
2 
© 


Gain-Bandwidth Product Voce = 5V, Ic = 3mA 500 500 
Emitter-to-Base Capacitance Vep = 5V, Ie =0 0.70 0.70 pF 


eG 
NTA 


Vos = 5V, Ic = 0 


Vo} = 5V, Io =0 


Collector-to-Base Capacitance 


Be) 


Collector-to-Substrate 
Capacitance 


no) 
ma 


yn] Ss]: 
NTN 
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CA3146, CA3146A, CA3183, CA3183A 


Electrical Specifications CA3183 Series 


TEST CONDITIONS 


anf 
< 
UV 
~ 
< 
me) 
a 
< 
= 
” 


CA3183A 


TYPICAL 
PERF. 


CURVE FIG. 
NO. 


PARAMETER SYMBOL Ta = 25°C 


DC CHARACTERISTICS FOR EACH TRANSISTOR | 
Collector-to-Base V(BR)CBO |!c = 100HA, IE = 0 
Breakdown Voltage 
Collector-to-Emitter Break- | VigR)cEo | !c = 1MA, Ip = 0 
down Voltage 
Collector-to-Substrate ViBR)cIO | !c1 = 100pA, Ip =0, le 
Breakdown Voltage =0 

NF 


oa on 


Emitter-to-Base V(BR)EBO | !E = 500pA, Ic = 0 
Breakdown Voltage 


Collector-Cutoff Current Voce = 10V, Ip =0 


9 


com 
oO 


Collector-Cutoff Current 20 


DC Forward-Current Trans- 21,22 


fer Ratio 


) 
) 
2 Voce = 3V, Ic = 10mMA 
Voce = 5V, Ic = 50MA 


Collector-to-Emitter Voce sat | lc =50mA, Ip = 5mA 
Saturation Voltage (Note 3) 


© 
NI 
ou 


—_ 
ba | 
2| 
Olan 
—_ 
N 
a) 
Oo 


2 


id) 


ro) 
op) 
a 
o 
> 
uo 

o 
00 
a 


Base-to-Emitter Voltage 


2 


- 


FOR TRANSISTORS Q, AND Qo (AS A DIFFERENTIAL AMPLIFIER) 


Absolute Input Offset Vio! Voce = 3V, Io = IMA 
Voltage 
Absolute Input Offset Voce = 3V, Ic = IMA 
Current 


25 


2 


ro) 
‘ bh b i) b 


EE 


COLLECTOR CUTOFF CURRENT (nA) 
COLLECTOR CUTOFF CURRENT (nA) 


10°2 
10°3 
0 0 25 50 75 100 125 
TEMPERATURE (°C) TEMPERATURE (°C) 
FIGURE 1. IceEo vs TEMPERATURE FOR ANY TRANSISTOR FIGURE 2. Icgo vs TEMPERATURE FOR ANY TRANSISTOR 
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ARRAYS AND DIFF. 
AMPLIFIERS 


CA3146, CA3146A, CA3183, CA3183A 


Typical Performance Curves 0c Characteristics - CA3146 Series (Continued) 


DC FORWARD CURRENT TRANSFER RATIO 


COLLECTOR CURRENT (mA) 


FIGURE 3. hee vs lc FOR ANY TRANSISTOR 


re 


COLLECTOR TO EMITTER | 
SATURATION VOLTAGE (V) 


COLLECTOR CURRENT (mA) 


FIGURE 5. Vce sat VS Ic FOR ANY TRANSISTOR 


0.8 


BASE TO EMITTER VOLTAGE (V) 
—) 
ror) 
INPUT OFFSET VOLTAGE Q, AND Q2 (mV) 


Led IVpe1 - VBE! = ra 
wt LITT | lil, 
0.01 0.1 1.0 10 


EMITTER CURRENT (mA) 


FIGURE 7. Vag AND Vio vs Ie FOR Q; AND Q 


BASE-TO-EMITTER VOLTAGE (V) 


-50 -25 0 25 50 75 100 125 
TEMPERATURE (°C) 


FIGURE 4. Vee vs TEMPERATURE FOR ANY TRANSISTOR 


OFFSET VOLTAGE (mV) 


INPUT OFFSET CURRENT (1A) 
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50 -2 0 25 50 75 100 125 
TEMPERATURE (°C) 


FIGURE 6. Vio vs TEMPERATURE FOR Q,; AND Qo 


_ [ua] (ie Pee) 
i ns 
Ta = 25°C 


EN TTT tT 
Sin, Scie 
A td tH 
AN TUT 
al 
i e 
TANT 


0.1 
COLLECTOR CURRENT (mA) 


FIGURE 8. lio vs Ic FOR Qy AND Qo 


CA3146, CA3146A, CA3183, CA3183A 


Typical Performance Curves bynamic Characteristics (For Any Transistor) - CA3146 Series 


20 


NOISE FIGURE (dB) 
r=) a 


NOISE FIGURE (dB) 


ol 


COLLECTOR CURRENT (mA) COLLECTOR oe (mA) 


FIGURE 9. NF vs Ic AT Rg = 5002 FIGURE 10. NF vs Ic AT Rg = 1kQ 


Vce = 5V 
Rs = 100002 i 
tr 
= th 
: z 
WwW c 
5 & 
Lo] c 
re Q 
2 3 
c 
(e) 
™ Th 
= ”) 
a & 
COLLECTOR CURRENT (mA) ee serene eae ai = iL. 
—_ 
FIGURE 11. NF vs Ic AT Rg = 10kQ FIGURE 12. hee, hig, hog, bre vs Ic > = 
o <= 
oc 
<q 


COMMON EMITTER CIRCUIT,BASEINPUT | | || | 
Ta = 25°C, Vog = 5V, Ic = 1MA 


. oi 
Pt tT 


P a 
pot ttt | TT | TT 
| ot ot ttt tT /} 


FORWARD TRANSFER CONDUCTANCE (gre) 
OR SUSCEPTANCE (beg) (mS) 
INPUT CONDUCTANCE (ge) 
OR SUSCEPTANCE (big) (mS) 
w 


6 
, ae ee = 
0.1 1.0 100 
FREQUENCY (MHz) FREQUENCY “a 
FIGURE 13. yre vs FREQUENCY FIGURE 14. ye vs FREQUENCY 
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CA3146, CA3146A, CA3183, CA3183A 


Typical Performance Curves Dynamic Characteristics (For Any Transistor) - CA3146 Series (Continued) 


¢ | COMMON EMITTER CIRCUIT, BASE INPUT | ||| FE: COMMON EMITTER CIRCUIT, BASE INPUT =| | | 
Ta = 25°C, Voce = 3V, Ic = 1mMA nile = Ta = 25°C, Vog = 5V, Ic = 1MA i 
Wa 5 jttT | 8 A | | IS SMALL AT FREQUENCIES 
a a aa A SRE ESS THAN SOOMHz 
BCH 2 a 
x Sw 
Ss CC 8g 2s} ~ | +1 + 
as nes ue i 
ou, 20 1.0 
= 3 23 i 
a 
5s t+ Ht eee eet 
| wi 
o> L LUT | Teeter T ers ee a eS cae ee ee 
0.1 1.0 10 100 1 10 100 
FREQUENCY (MHz) FREQUENCY (MHz) 
FIGURE 15. FIGURE 15. yog vs FREQUENCY FIGURE 16. FIGURE 16. ype vs FREQUENCY 


* 
— Etta Ey 


N 
_ PEPE EEE 
G 800 = 4 
Swot t tit ttt ttt tt - TT TP Py ty. 
= soit} | }]}}] |] ]}] |] |i} ¢ , 
= 500 | | Le tn WW ~ 
— = 
= 400 < 2 
2 solA| | | | | | | | PT Td | | | 
2 200 o 4 
a =a Pt yt ? 
Lit tt dt 0 
012 3 4 5 6 7 8 9 10 11 12 13 14 0 12 3 4 5 6 7 8 9 10 11 12 13 14 
COLLECTOR CURRENT (mA) BIAS VOLTAGE (V) 
FIGURE 17. fy vs Ic FIGURE 18. Ceg, Ccp, Cc; vs BIAS VOLTAGE 


Typical Performance Curves 0C Characteristics - CA3183 Series 


a a 
oe 


COLLECTOR CUTOFF CURRENT (nA) 


: UJ 
8 
® 
ND 


COLLECTOR CUTOFF CURRENT (nA) 
r= 
Ls) 


_— 
= 
mea 
a 
——- 
— 
— 
Lia! 


TEMPERATURE (°C) TEMPERATURE (°C) 


FIGURE 19. IcEo vs TEMPERATURE FOR ANY TRANSISTOR FIGURE 20. Icgo vs TEMPERATURE FOR ANY TRANSISTOR 
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CA3146, CA3146A, CA3183, CA3183A 


Typical Performance Curves 0c Characteristics - CA3183 Series (Continued) 


DC FORWARD CURRENT 

TRANSFER RATIO (hg) 
DC FORWARD CURRENT 
TRANSFER RATIO (hee) 


0 
50 -25 O 25 50 75 100 
TEMPERATURE (°C) COLLECTOR CURRENT (mA) 


FIGURE 21. hee vs TEMPERATURE FOR ANY TRANSISTOR FIGURE 22. hee vs Ic FOR ANY TRANSISTOR 


BASE TO EMITTER VOLTAGE (V) 


COLLECTOR TO EMITTER 
SATURATION VOLTAGE (V) 


COLLECTOR CURRENT (mA) 


FIGURE 24. Vce sat VS Ic FOR ANY TRANSISTOR 


ARRAYS AND DIFF. 
AMPLIFIERS 


ABSOLUTE INPUT - OFFSET VOLTAGE (mV) 
ABSOLUTE INPUT - OFFSET CURRENT (yA) 


COLLECTOR CURRENT (mA) COLLECTOR CURRENT (mA) 


FIGURE 25. IViol vs lc FOR DIFFERENTIAL AMPLIFIER (Q; ANDQ2) ‘FIGURE 26. Ilo! vs lc FOR DIFFERENTIAL AMPLIFIER (Q, AND Qo) 
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High-Frequency NPN Transistor Arrays For Low- 
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Features 
¢ Gain-Bandwidth Product (fy) >3GHz 


e Five Transistors on a Common Substrate 


Applications 
e VHF Amplifiers 
e VHF Mixers 
Multifunction Combinations - RF/Mixer/Oscillator 
IF Converter 
IF Amplifiers 
Sense Amplifiers 
Synthesizers 
Synchronous Detectors 


Cascade Amplifiers 


Pinouts 


CA3246 
(PDIP, SOIC) 
TOP VIEW 


r SE SUBSTRATE 
2 | 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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Power Applications at Frequencies Up to 1.5GHz 


Description 


The CA3227 and CA3246 consist of five general purpose sil- 
icon NPN transistors on a common monolithic substrate. 
Each of the transistors exhibits a value of fy in excess of 
3GHz, making them useful from DC to 1.5GHz. The mono- 
lithic construction of these devices provides close electrical 
and thermal matching of the five transistors. 


Ordering Information 


PART 
NUMBER 
(BRAND) 


TEMP. 
RANGE (°C) 


CA3227M 
(3227) 


CA3227M96 
(3227) 


16 Ld SOIC Tape 
and Reel 


CA3246E 


CA3246M 
(3246) 


CA3246M96 
(3246) 


-55to 125 |14Ld SOIC Tape 
and Reel 


M14.15 


CA3227 
(PDIP, SOIC) 
TOP VIEW 


SUBSTRATE 


1345.3 


File Number 


CA3227, CA3246 


Absolute Maximum Ratings Thermal Information 
Collector-to-Emitter Voltage (Vcgo) .. 66 ee 8V Thermal Resistance (Typical, Note 2) By, (CCW) 
Collector-to-Base Voltage (Vcgo)...-. eee 12V 14. Ld PDIP Package. ........ 00.0 cece eee ee 100 
Collector-to-Substrate Voltage (Vein, Note 1) .............. 20V 14 Ld SOIC Package............ 0... c cece eee 185 
UO COr GUNGMNTS «cv ieovecesneccnkasenessbaveeeen 20mA 16 Ld PDIP Package............0.... 0000 ee 90 
TO Le SOIG PACKAGG. cic sc ciiavescaesinesinuns 175 
Operating Conditions Maximum Power Dissipation (Any One Transistor)......... 85mW 
Temperature Range «22. scisassccnsaavecassen -55°C to 125°C Maximum Junction Temperature (Die) Ae 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. The collector of each transistor of these devices is isolated from the substrate by an integral diode. The substrate (Terminal 5 
(CA3227) and Terminal 13 (CA3246)) must be connected to the most negative point in the external circuit to maintain isolation be 
tween transistors and to provide for normal transistor action. 


2. 8), is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications T, = 25°C 


PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | MAX | UNITS 


DC CHARACTERISTICS FOR EACH TRANSISTOR 


Collector-to-Base Breakdown V(BR)CBO Io = 10pA, Ip =0 
Voltage 
Collector-to-Emitter Breakdown V(BR)CEO Ic = 1MA, Ip = 0 
Voltage 
Collector-to-Substrate Breakdown V(BR)CIO loz = 10pA, Ip = 0, Ie =O 20 
Voltage 


met 
ine) 


a 
oO 
= 


= 


Emitter-Cutoff-Current (Note 3) fleso = | Ves=45VIo=0 si 

Collector-Cutoff-Current ee 

Collector-Cutoff-Current Vop = 8V, Ip = 0 

DC Forward-Current Transfer Ratio Nee Voce = 6V 
: 

Base-to-Emitter Voltage 0.62 


Collector-to-Emitter Saturation VCE SAT Ig = 10mMA, Ip = 1MA 
Voltage 


Base-to-Emitter Saturation Voltage Ic = 10mA, Ip = 1MA 


NOTES: 


3. On small-geometry, high-frequency transistors, it is very good practice never to take the Emitter Base Junction into reverse break- 
down. To do so may permanently degrade the hre. Hence, the use of lego rather than Vgryepo- These devices are also susceptible 
to damage by electrostatic discharge and transients in the circuits in which they are used. Moreover, CMOS handling procedures 
should be employed. 
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ARRAYS AND DIFF. 
AMPLIFIERS 
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CA3227, CA3246 


Electrical Specifications —T, = 25°C, 200MHz, Common Emitter, Typical Values Intended Only for Design Guidance 


TYPICAL 
PARAMETER SYMBOL TEST CONDITION VALUES UNITS 


DYNAMIC CHARACTERISTICS FOR EACH TRANSISTOR 


Input Admittance Y44 by; Io = 1mMA, Voge = 5V 
Output Admittance Yoo Doo ic = 1MA, Voge = 5V 
Forward Transfer Admittance Yo4 Yo4 lo = 1MA, Vog = 5V 
Reverse Transfer Admittance Y40 Y40 Io = 1MA, Vcg = 5V 


Input Admittance lc = 10MA, Vcg = 5V 


Output Admittance Io = 10MA, Voge = 5V 


Forward Transfer Admittance Io = 10MA, Voge = 5V 


Reverse Transfer Admittance Ico = 10MA, Vcg = 5V 


[estoma vows 
TYPICAL CAPACITANCE AT 1MHz, THREE-TERMINAL MEASUREMENT 
a 


Small Signal Forward Current Transfer Ratio 


Spice Model (Spice 2G.6) 


.model NPN 


+ 


+ 


a 


+ 


Please Note: No measurements have been made to model the reverse AC operation (tr is an estimation). 


BF = 2.610E + 02 
RC = 1.000E + 01 
IK = 1.000E - 01 
ISC = 9.25E - 14 
CJS = 1.800E - 12 
CJC = 9.100E - 13 
AF = 1.000E + 00 


MJS = 3.530E - 01 


BR = 4.401E + 00 
RE = 7.396E - 01 
ISE = 1.87E - 14 
NC = 1.333E + 00 
CJE = 1.010E - 12 
PC = 3.850E - 01 
EF = 1.000E + 00 


RBM = 30.00 
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IS = 6.930E - 16 
VA = 6.300E + 01 
NE = 1.653E + 00 
TR= 1.775611 
PE = 8.350E - 01 
MC = 2.740E - 01 
FC = 5.000E - 01 


RBV = 100 


RB = 130.0E + 00 
VB = 2.208E + 00 
IKR = 1.000E - 02 
TR = 1.000E - 09 
ME = 4.460E - 01 
KF = 0.000E + 00 
PJS = 5.410E - 01 


IRB = 0.00 


CA3227, CA3246 


Typical Performance Curves 


5 
o 
e 
Ic (mA) Ic (mA) 
FIGURE 1. he¢ vs COLLECTOR CURRENT FIGURE 2. f; vs COLLECTOR CURRENT 
| Pounce = 1k, Vee = 6M, Ta = 25°C, 1kQ, Voge = 6V, Ta = 25°C “abil 
dl 
a ’ iW 
wl ii = FREQUENCY = 10Hz rie Ut 
a das 
= 7 zo 
w Lu 
: ill : pir AO 
@ 20 yp, S 
iz Ee ic 
Mal 
I wi 
rs 
=r at il 
mle HHT satilll — a we Ht : 
Tt ~-" oe, rT a —_ rT 
Nimes LT ieee ae 
0.01 0.1 0.0 ; Ow 
Ic (MA) Ic (mA) = i 
a 
FIGURE 3. NOISE FIGURE vs COLLECTOR CURRENT FIGURE 4. NOISE FIGURE vs COLLECTOR CURRENT > = 
a < 
cc 
< 


CAPACITANCE (pF) 


BIAS VOLTAGE (V) 


FIGURE 5. CAPACITANCE vs BIAS VOLTAGE 
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CA3227, CA3246 


Die Characteristics 


DIE DIMENSIONS: 


46 mils x 32 mils - CA3227 
47 mils x 33 mils - CA3246 


Metallization Mask Layout 
CA3227 


(14) (13) (12) (11) 


(15) . (10) 
ei oa i 
854 
() font | Lay @) 
(2) (7) 
(3) (4) (5) (6) 
SUBSTRATE 
CA3246 


SUBSTRATE 
(13) (12) (11) (10) 


(14) 


(1) 


(2) 
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HFA3046, HFA3096, 
HFA3127, HFA3128 


Ultra High Frequency Transistor Arrays 


et SEMICONDUCTOR 


August 1996 


Features 
¢ NPN Transistor (f+) 
e NPN Current Gain (hfe) 
NPN Early Voltage (Va) 
PNP Transistor (fy) 
PNP Current Gain (hfe) 
PNP Early Voltage (Va) 
Noise Figure (509) at 1.0GHz 
Collector-to-Collector Leakage 
Complete Isolation Between Transistors 


Pin Compatible with Industry Standard 3XXX Series 
Arrays 


Applications 
e VHF/UHF Amplifiers 
e VHF/UHF Mixers 


e IF Converters 


e Synchronous Detectors 


Pinouts 


HFA3046 
TOP VIEW 


HFA3096 
TOP VIEW 


.CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


Description 


The HFA3046, HFA3096, HFA3127 and the HFA3128 are 
Ultra High Frequency Transistor Arrays that are fabricated 
from Harris Semiconductors complementary bipolar UHF-1 
process. Each array consists of five dielectrically isolated 
transistors on a common monolithic substrate. The NPN 
transistors exhibit a f¢ of 8GHz while the PNP transistors 
provide a fy of 5.5GHz. Both types exhibit low noise (3.5dB), 
making them ideal for high frequency amplifier and mixer 
applications. 


The HFA3046 and HFA3127 are all NPN arrays while the 
HFA3128 has all PNP transistors. The HFASO96 is an NPN- 
PNP combination. Access is provided to each of the termi- 
nals for the individual transistors for maximum application 
flexibility. Monolithic construction of these transistor arrays 
provides close electrical and thermal matching of the five 
transistors. 


For PSPICE models, please request AnswerFAX document 
number 663046. Harris also provides an Application Note 
illustrating the use of these devices as RF amplifiers 
(request AnswerFAX document 99315). 


Ordering Information 


TEMP. 
PART NUMBER RANGE (°C) 


HFA3128 
TOP VIEW 


HFA3127 
TOP VIEW 
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File Number 3076.8 


ARRAYS AND DIFF. 
AMPLIFIERS 


HFA3046, HFA3096, HFA3127, HFA3128 


Absolute Maximum Ratings Thermal Information 
Collector to Emitter Voltage (Open Base)................... 8V Thermal Resistance (Typical, Note 1) 8 ya (°C/W) 
Collector to Base Voltage (Shorted Base) ................. 12V 14Ld SOIC Package............... 0000 eee. 120 
Emitter to Base Voltage (Reverse Bias).................. 5.5V 16 Ld SOIC Package..........2220.00000005, 115 
Caecior GUO ci od oka cane ewe ne esed bees ad ad ven doe 15.5mA Maximum Power Dissipation (Any One Transistor) eee Bie eee 0.15W 
Maximum Junction Temperature (Die).................0.. 175°C | 
Operating Conditions Maximum Junction Temperature (Plastic Package) ........ 150°C | 
: ie) ie) 
Temperature Range ...............0c eee aes Scio 1es°c 4 Maxdmun/ Storage Tamporalure Range +. .-.«-s.: 65'C to 150°C | 
‘ 9 Maximum Lead Temperature (Soldering 10s)............. 300°C | 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. Oya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications T, = 25°C 


a ae 


PARAMETER TEST CONDITIONS 
DC NPN CHARACTERISTICS 


TYP UNITS 


Collector-to-Base Breakdown Io = 100A, Ie = 0 12 18 8 

Voltage, ViBR)CBO | 
| 

Collector-to-Emitter Break- Io = 100A, Ip = 0 12 2 

down Voltage, ViBR)CEO 

Collector-to-Emitter Break- Ico = 100uA, Base Shorted to 10 2 20 


down Voltage, ViBR)CES Emitter 


on 
on 


Voltage, V(BR)EBO 


Collector-Cutoff-Current, Iceg | Vcg = 6V, Ip = 0 
Collector-Cutoff-Current, IcBo | Vcp = 8V, Ie = 0 


Collector-to-Emitter Saturation | Io = 10mA, Ip = 1mA 
Voltage, VCE(SAT) 


Base-to-Emitter Voltage, Vee Ico = 10mA 


DC Forward-Current Transfer | lc =10mA 
Ratio, hee Voce = 2V 


Early Voltage, Va Ico = IMA, Voge = 3.5V 20 5 
Base-to-Emitter Voltage Drift Ico = 10mA 
Collector-to-Collector Leakage Ss 


Electrical Specifications Ty, = 25°C 


2 
0.1 
0.3 


100 
10 
0.5 


_ 
oO 


Emitter-to-Base Breakdown le = 10pA, Ic = 0 5.5 


oO 
oO 


: ah, —_ 
Ph 
oS 
w 
oOo; 
a}Cls 


0.85 0.95 


aN 
oO 


~“ 
oO 


oO 
ie) 
(>) 


' 
ee 
on 


PARAMETER TEST CONDITIONS 
DYNAMIC NPN CHARACTERISTICS 


Noise Figure f = 1.0GHz, Vcg = 5V, 
Ic = 5mMA, Zs = 50 


ff Current Gain-Bandwidth = 1mA, VcgE = 5V 


lc= , = 
Product 

Ic = 10MA, Vcr = 5V 

Ic= = 


Power Gain-Bandwidth = 10mA, Voce = 5V 
Product, fax 


Collector-to-Base Capacitance | Vcp = 3V 
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HFA3046, HFA3096, HFA3127, HFA3128 


Electrical Specifications T, = 25°C 


TEST CONDITIONS TYP 


PARAMETER 
DC PNP CHARACTERISTICS 


3 


Collector-to-Base Breakdown Io = -100pA, Ie = 0 
Voltage, V(BR)CBO 
Collector-to-Emitter Breakdown | Ic =-100uA, Ip = 0 
Voltage, V(BR)CEO 


Collector-to-Emitter Break- Ic = -100uA, Base Shorted to 10 
down Voltage, VigrR)cES Emitter 


—_ 
oO 
satis 
ol 


Ba 


a fo s oak, —_ 
io) oO on (= | io) 
ye) F ©S = =e =" 


Emitter-to-Base Breakdown le = -10pA, Io = 0 
Voltage, V(BR)EBO 


Collector-Cutoff-Current, IcEo 


ine) 


100 
10 


Vcr = -6V, Ip =0 


Collector-Cutoff-Current, Icpo | Vop =-8V, l_ =0 0.1 


Collector-to-Emitter Saturation | Io =-10mA, lp =-1mA 0.3 0.5 


Voltage, VCE(SAT) 


Base-to-Emitter Voltage, Var 0.85 0.95 


I¢ =-10mMA 


nN 


_ pss 
oO fo) oO 


DC Forward-Current Transfer | Io =-10mMA, Vog = -2V 
Ratio, hee 


ie) 
on 


1 
=_ Ww as oh 


Early Voltage, Va I¢ =-1MA, Veg = -3.5V 


Base-to-Emitter Voltage Drift I¢ =-10mMA 


Collector-to-Collector Leakage 


Electrical Specifications = T, = 25°C 


PARAMETER TEST CONDITIONS 


DYNAMIC PNP CHARACTERISTICS 


Noise Figure f = 1.0GHz, Voce = -5V, 
Io = -5mA, Zs = 502 


f7 Current Gain-Bandwidth Io = -1mA, Voge = -5V 


p 
a Io = -10MA, Vog = -5V 


DIFFERENTIAL PAIR MATCHING CHARACTERISTICS FOR THE HFA3046 


Input Offset Voltage Ic = 10MA, VcgE = 5V p= | 18 | 
Input Offset Voltage TC Io = 10MA, Voce = 5V p= | 08 | 


S-Parameter and PSPICE model data is available from Harris Sales Offices. 
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ARRAYS AND DIFF. 
AMPLIFIERS 


HFA3046, HFA3096, HFA3127, HFA3128 


Common Emitter S-Parameters of NPN 3um x 50um Transistor 


rnea. ta] Sut [PHASEGio] (Sia _[PHASEISi| (Sal _[ PHASEIS2] Baal _[ PHASES29 


Vce = 5V andic=5mA 


1.0E+08 -11.78 1.41E-02 78.88 11.07 168.57 -11.05 
2.0E+08 -22 82 2.69E-02 68.63 10.51 157.89 -21.35 


3.0E+08 0.73 -32.64 3.75E-02 59.58 9.75 148.44 0.86 -30.44 
4.0E+08 0.67 -41.08 4.57E-02 51.90 8.91 140.36 0.79 -38.16 
5.0E+08 0.61 -48.23 5.19E-02 45.50 8.10 133.56 0.73 -44.59 
6.0E+08 0.55 54,27 5.65E-02 40.21 7.35 127.88 0.67 -49.93 
7.0E+08 0.50 59.41 6.00E-02 35.82 123.10 0.62 -54.37 
8.0E+08 0.46 -63.81 6.27E-02 32.15 119.04 0.57 -58.10 
9.0E+08 0.42 -67.63 6.47E-02 29.07 115.57 0.53 -61.25 
1.0E+09 0.39 -70.98 6.63E-02 26.45 112.55 0.50 -63.96 
1.1E+09 0.36 -73.95 6.75E-02 24.19 109.91 0.47 -66.31 
1.2E+09 0.34 -76.62 6.85E-02 22.24 107.57 0.45 -68.37 
1.3E+09 0.32 -79.04 6.93E-02 20.53 105.47 0.43 -70.19 
1.4E+09 0.30 -81.25 7.00E-02 19.02 103.57 0.41 -71.83 
1.5E+09 0.28 -83.28 7.05E-02 17.69 101.84 0.40 -73.31 
1.6E+09 0.27 - -85.17 7.10E-02 16.49 100.26 0.39 -74.66 
1.7E+09 0.25 -86.92 7.13E-02 15.41 98.79 0.38 -75.90 
1.8E+09 0.24 -88.57 7.17E-02 14.43 97.43 0.37 -77.05 
1.9E+09 0.23 -90.12 7.19E-02 13.54 96.15 0.36 -78.12 
2.0E+09 0.22 -91.59 7.21E-02 12.73 94.95 0.35 -79.13 
2.1E+09 0.21 -92.98 7.23E-02 11.98 93.81 0.35 -80.09 
2.2E+09 0.20 -94.30 7.25E-02 11.29 92.73 0.34 -80.99 
2.3E+09 0.20 -95.57 7.27E-02 10.64 91.70 0.34 -81.85 
2.4E+09 0.19 -96.78 7.28E-02 10.05 90.72 0.33 -82.68 
2.5E+09 0.18 -97.93 7.29E-02 9.49 89.78 0.33 -83.47 
2.6E+09 0.18 -99.05 7.30E-02 8.96 88.87 0.33 -84.23 
2.7E+09 0.17 -100.12 7.31E-02 8.47 2.10 88.00 0.33 -84.97 
2.8E+09 0.17 101.15 7.31E-02 8.01 2.02 87.15 0.33 -85.68 
2.9E+09 0.16 102.15 7.32E-02 1.96 86.33 0.33 -86.37 
Voge = 5V and Ic = 10mA 
7.0E+08 0.37 4.49E-02 29.47 7.62 116.00 
8.0E+08 0.34 4.63E-02 26.37 6.86 112.39 
9.0E+08 0.31 4.72E-02 23.84 6.22 109.36 
1.0E+09 0.29 4.80E-02 21.75 5.69 106.77 


6.11 

5.61 

5.17 
4.79 
4.45 
4.15 
3.89 
3.66 
3.45 
3.27 
3.10 
2.94 
2.80 
2.68 
2.56 
2.45 
2.35 
2.26 
yaa) 


0.95 
0.88 
0.79 
0.70 
0.63 
0.57 
0.51 
0.47 


-14.26 
-26.95 
-37.31 
-45.45 
“51.77 
-56.72 


-63.85 
-66.49 
-68.71 


0.41 
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HFA3046, HFA3096, HFA3127, HFA3128 


Common Emitter S-Parameters of NPN 3m x 50um Transistor (Continued) 


| FREQ. (Hz) | _1Sj!__| PHASE(S;)| __ISi2!_| PHASE(Sj2)| _ISzi!_| PHASE(S21)| _!Sza!_| PHASE(Sz2)_ 
Tiewo [027 | com | cose | coon | sax] oss | oso | 7000 
Tze [02s | a573 | «vec | tose | eas | 1oass | om | 7220 
1.3E+09 4.94E-02 17.25 4.49 100.75 0.35 -73.76 


1.4E+09 -101.55 4.97E-02 16.15 4.19 99.16 0.34 -75.08 
1.5E+09 -104.15 4.99E-02 15.19 3.93 97.70 0.33 -76.28 


14.34 3.70 96.36 0.32 -77.38 
13.60 3.49 95.12 0.31 -78.41 
12.94 3.30 93.96 0.31 -79.37 
12.34 3.13 92.87 0.30 -80.27 
11.81 2.98 91.85 0.30 -81.13 
11.33 2.84 90.87 0.30 -81.95 
10.89 2.42 89.94 0.29 -82.74 
10.50 2.60 89.06 -83.50 
10.13 2.49 88.21 -84.24 
9.80 2.39 87.39 -84.95 
9.49 2.30 86.60 -85.64 
9.21 2.22 85.83 -86.32 


2.8E+09 | OA -126.94 5.13E-02 2.14 85.09 0.29 -86.98 
2.9E+09 -128.14 5.14E-02 8.71 2.06 84.36 -87.62 


Common Emitter S-Parameters of PNP 3 um? x 50um* Transistor 


| FREQ. (Hz) | _|Sii!__ | PHASE(S11) | __ISzi!_ [| PHASE(S21) | _ISi2!_| PHASE(St2) | __'Szal_| PHASE(Sz2) 

[roe [ove ees [on | arr | vecewe | re [om [1078 

Tz0cwe [098 | case | oa | ronan | avoeoe | oso | om | 2038 

4.0E+08 0.57 -57.39 7.68 5.05E-02 
| 30.67 


5.01E-02 
5.03E-02 
5.05E-02 
5.06E-02 
5.07E-02 
5.08E-02 
5.09E-02 


2.3E+09 5.10E-02 
2.4E+09 5.11E-02 
2.5E+09 5.12E-02 
2.6E+09 5.12E-02 
2.7E+09 5.13E-02 


0.29 
0.29 
0.29 


2.0E+09 -114.90 


5.0E+08 0.52 -67.32 6.86 129.11 5.64E-02 42.52 -38.81 
6.0E+08 0.47 -75.83 6.14 123.55 6.07E-02 


7.0E+08 0.43 -83.18 
8.0E+08 -89.60 
9.0E+08 -95.26 
1.0E+09 -100.29 
1.1E+09 -104.80 
1.2E+09 -108.86 
1.3E+09 -112.53 
1.4E+09 -115.86 
1.5E+09 -118.90 
1.6E+09 -121.69 
1.7E+09 -124.24 
1.8E+09 -126.59 
1.9E+09 -128.76 


5.53 118.98 6.37E-02 33.79 -44.47 
5.01 115.17 6.60E-02 


30.67 -46.15 
4.56 111.94 6.77E-02 28.14 -47.33 


0.38 
0.36 
0.34 
0.33 
0.32 
0.30 
0.30 


a 


0.28 
0.27 
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ARRAYS AND DIFF. 


AMPLIFIERS 


HFA3046, HFA3096, HFA3127, HFA3128 


Common Emitter S-Parameters of PNP 3m? x 50um? Transistor (Continued) 


rREO. | Sal [PHASE(Sio] (Sail [ PHASEISo| Sal | PHASEISi9)| [Saal _ | PHASEIS2n 
2.0E+09 -130.77 93.19 7.45E-02 16.88 -49.36 


2aevoo | 02s _| vsras_| _ve7_| cose | 7esece | 150 | ozs | owe 
T2see [as aor | 17s | eras | rovece | 500] car | a050 
Taree [oa aise | vor | esas | vorece | isis | ozs | oer 
acevo [ozs [vases [ver] ens | rorece | iaer_| ozs | sor 


Voce = -5V, Ic = -10mMA 


[aces 0s_| 7573_[ sas _| ore | smece | 2a | ces | ona 
Trews [oz | waar [270 | case | sieece [voor | 028 | a723 
Trees [ozs | sos | ess co0o | saiece | ao cay | e700 
Tisevoo | oa7_|_e7s_[ 24s] or00_| sasece | 80s | 027 | a508 
[ecco [oar | waz | asr | ooas | saseoe | 3s | 02s | 501 
Tarewo [oar | -woes_[ 220] cos | sasece | veo | 028 | soar 
[ezewoo [oar | isove_[ 210 | e020 | savece | eas | 025 | aoa 
asco oa? | sei0_| en | ear_| sssece | vea7_| 028 | 4600 
eaevoo [oa] aie] 193 _| 7s] sssece | eso | 02s | soar 
asewoo oa? | isai7_| 108 | e6ee | sovece | ess_| 028 | aor 
Tesco [ozs | testo | v7e | esoo | saece | ase | ozs | aie 
arewoo [02s | esse [ie | esse | saoece | vearr | ove | a7 
eacvoo [oa seve | 105 | esc | sasece | vee | ozs | ares 
T2sevoo [ozs | evar | 160 | eani_| sarece | voor | ozs | 770 
[sceoo [02s | ear_[ vss] esc | sevece | voos | ozs | seo 
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HFA3046, HFA3096, HFA3127, HFA3128 


Typical Performance Curves 
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FIGURE 5. PNP COLLECTOR CURRENT vs COLLECTOR TO FIGURE 6. PNP COLLECTOR CURRENT AND BASE CURRENT 
‘ EMITTER VOLTAGE TO EMITTER VOLTAGE 
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HFA3046, HFA3096, HFA3127, HFA3128 


Typical Performance Curves (continued) 


DC CURRENT GAIN 
GAIN BANDWIDTH PRODUCT (GHz) 


“0.1 -1.0 -10 100 
COLLECTOR CURRENT (A) COLLECTOR CURRENT (mA) | 
FIGURE 7. PNP DC CURRENT GAIN vs COLLECTOR FIGURE 8. PNP GAIN BANDWIDTH PRODUCT vs COLLECTOR 
CURRENT CURRENT (UHF 3 x 50 WITH BOND PADS) 
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HFA3046, HFA3096, HFA3127, HFA3128 


Die Characteristics 


PROCESS: PASSIVATION: 
UHF-1 Type: Nitride 
DIE DIMENSIONS: Thickness: 4kA +0.5kA 


53 mils x 52 mils x 19 mils 
1340um x 13820um x 483um 


METALLIZATION: 
Type: Metal 1: AlCu(2%)/TiW 
Thickness: Metal 1: 8kA +0.4kA 


Type: Metal 2: AlCu(2%) 
Thickness: Metal 2: 16kA +0.8kA 


Metallization Mask Layout 


HFA3096, HFA3127, HFA3128 


1340um 
(53mils) 


1320um 
(52mils) 


HFA3046 
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1340um 
(53mils) 


1320um ‘ 
(52mils) 


Pad numbers correspond to SOIC pinout. 
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HARRIS HFA3101 


uD 


November 1996 Gilbert Cell UHF Transistor Array 
Features Description 
¢ High Gain Bandwidth Product (f7)........... 10GHz The HFA3101 is an all NPN transistor array configured as a 


Multiplier Cell. Based on Harris bonded wafer UHF-1 SOI 


¢ High Power Gain Bandwidth Product ......... 5GHz process, this array achieves very high fy (10GHz) while 
* Corront Gale (ige)..ciccccewssesvensvansseeexs 70 maintaining excellent hee and Vee matching characteristics 
. . that have been maximized through careful attention to circuit 
° Low Noise Figure (Transistor) ............... 3.54B design and layout, making this product ideal for communica- 
¢ Excellent hee and Vee Matching tion circuits. For use in mixer applications, the cell provides 
high gain and good cancellation of 2nd order distortion 

¢ Low Collector Leakage Current ............ <0.01NA terms. 


e Pin-to-Pin Compatible to UPA101 Ordering Information 


PART NUMBER TEMP. 
(BRAND) RANGE (°C) 
HFA3101B -40to85 |8Ld SOIC 
(H3101B) 
HFA3101B96 -40to85 |8LdSOIC Tape |M8.15 
(H3101B) and Reel 


Applications 


e Balanced Mixers 


¢ Multipliers 
e Demodulators/Modulators 


e Automatic Gain Control Circuits 


Phase Detectors 


Fiber Optic Signal Processing 
¢ Wireless Communication Systems 
e Wide Band Amplification Stages 


Radio and Satellite Communications 


¢ High Performance Instrumentation 


Pinout 


HFA3101 
(SOIC) 
TOP VIEW 


NOTE: Qs and Q¢ - 2 Paralleled 3m x 50um Transistors 
Qy, Qo, Q3, Q4 - Single 3m x 50um Transistors 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3663 3 
Copyright © Harris Corporation 1996 7-98 


HFA3101 


Absolute Maximum Ratings Thermal Information 
VcEo, Collector to Emitter Voltage................ 00. eee 8.0V. Thermal Resistance (Typical, Note 1) 8 ya (CCW) 
Vcpo; Collector to Base Voltage ....................... 12.0V SOIC Package.........000. ccc cece e eee eees 185 
Veso; Emitter to Base Voltage....................5- 008, 5.5V_ Maximum Junction Temperature (Die) .................. 175°C 
lo, Conecior GANTAI « o2s0n%5 nt d ewe ent een ews Berne ws 30mA Maximum Junction Temperature (Plastic Package) eae 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Operating Conditions Maximum Lead Temperature (Soldering 10s)............. 300°C 
Temperature Range ..............c0- cece eens -40°C to 85°C (SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. @ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications T, = 25°C 


ALL GRADES 
mn | re | max | uns 
8 


12 1 


PARAMETER TEST CONDITIONS 


Collector-to-Base Breakdown Voltage, V(gr)cBo: Q1 thru Qg} Ic = 100pA, IE = 0 A 


Ic ES 
Collector-to-Emitter Breakdown Voltage, V(BR)CEO, Ic = 100n/A, Ip = 0 A 
Qs and Qg 
Emitter-to-Base Breakdown Voltage, V(pR)EBO; IE = 10nA, Io = 0 A 
Q, thru Qg 


on 
on 


— 


Nh ; 


> 


Collector Cutoff Current, Icpo, Q4 thru Q4 Veg = BV, le=0 
Emitter Cutoff Current, lego, Q5 and Qg Vep = 1V, Ilo =0 


> 


> 
oO 
~N 
io) 


DC Current Gain, hfe, Q; thru Qg Ic = 10MA, Vcg = 3V 


Collector-to-Base Capacitance, Cop Q;thruQ, | Vcp= 5V, f= 1MHz 
Emitter-to-Base Capacitance, Ceg Q,;thruQ, | Vep =O, f = 1MHz 


Current Gain-Bandwidth Product, fr Q, thruQ, |lco=10mMA, Voge = 5V 
Qs andQg_ {lc = 20mA, Vcg = 5V 
he i VCE= 


0.300 
0.600 


nome mom me 
ThE TY 7 


0.400 


D15 


Hz 
Hz 
GHz 
GHz 


G) 


Power Gain-Bandwidth Product, fyax Q,; thruuQ, Jlo=10mMA, Vcr = 5V 


Qs andQg_ {lc =20mA, VcgE = 5V 


Available Gain at Minimum Noise Figure, Gyenin, Ic =5mA, f=0.5GHz 
f = 1.0GHz 
Minimum Noise Figure, NFyin, Q5 and Qg Ilc=5mA, = f=0.5GHz 
f= 1.0GHz 
Ic=5mA, f=0.5GHz 


17.5 


Qs and Q¢ Voce = 3V 11.9 


VceE = 3V 


50Q Noise Figure, NFs5o9q, Q5 and Qg 2.25 


Voce = 3V 


DC Current Gain Matching, hrey/Nree, Qy and Qo, Ic = 10MA, Voce = 3V 

Q3 and Q4, and Qs and Qg 

Input Offset Voltage, Vas, (Qy and Qo), (Q3 and Q,), Io = 10mMA, Voge = 3V A 
(Qs and Qe) 

Input Offset Current, Ic, (Qy and Qa), (Q3 and Qa4), Ic = 10MA, VcE = 3V A 
(Qs and Qe) 

Input Offset Voltage TC, dVos/dT, (Q1 and Q2, Q3 and {Ilo = 10MA, VcogE = 3V C 
Q4, Qs and Q¢) 


Collector-to-Collector Leakage, ITRENCH-LEAKAGE AVTEsT = 5V 


NOTE: 
2. Test Level: A. Production Tested, B. Typical or Guaranteed Limit Based on Characterization, C. Design Typical for Information Only. 


121 


3 
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PSPICE Model for a 3um x 50um Transistor 
.Model NUHFARRY NPN 


+ (IS = 1.840E-16 


+ VAR = 4.500E+00 


+ IKF = 5.400E-02 
+ NC = 1.800E+00 
+ MJC = 2.400E-01 
+ MJE = 5.100E-01 
+ ITF = 3.500E-02 


+ XCJC = 9.000E-01 


+ RE = 1.848E+00 


XTI = 3.000E+00 
BF = 1.036E+02 
XTB = 0.000E+00 
IKR = 5.400E-02 
VJC = 9.700E-01 
VJE = 8.690E-01 
XTF = 2.300E+00 
CUS = 1.689E-13 


EG = 1.110E+00 
ISE = 1.686E-19 
BR = 1.000E+01 
RC = 1.140E+01 
FC = 5.000E-01 
TR = 4.000E-09 
VTF = 3.500E+00 
VJS = 9.982E-01 
RBM = 1.974E+00 


VAF = 7.200E+01 
NE = 1.400E+00 
ISC = 1.605E-14 
CJC = 3.980E-13 
CJE = 2.400E-13 
TF = 10,51E-12 
PTF = 0.000E+00 
MJS = 0.000E+00 
KF = 0.000E+00 


RB = 5.007E+01 
+ AF = 1.000E+00) 


Common Emitter S-Parameters of 3m x 50um Transistor 


FREQ. (Hz) | ISi1!__[PHASE(S11) | _IS1al_ | PHASE(S12) | _'Sai!_ | PHASE(S21) | 'Sza!_| PHASE(S22) 
3.0E+08 0.73 -32.64 3.75E-02 59.58 9.75 148.44 0.86 
| 210 | 


4.0E+08 0.67 -41.08 4.57E-02 51.90 8.91 140.36 


5.0E+08 -48.23 5.19E-02 45.50 8.10 133.56 


6.0E+08 0.55 -54.27 5.65E-02 40.21 7.35 127.88 


7.0E+08 0.50 -59.41 6.00E-02 35.82 123.10 


8.0E+08 -63.81 6.27E-02 32.15 6.11 119.04 0.57 -58.10 


9.0E+08 0.42 -67.63 6.47E-02 29.07 5.61 115.57 


1.0E+09 0.39 -70.98 6.63E-02 26.45 5.17 112.55 


0.50 -63.96 


0.37 -77.05 


0.53 -61.25 
1.1E+09 0.36 -73.95 6.75E-02 24.19 4.79 109.91 , 
1.2E+09 0.34 -76.62 6.85E-02 22.24 4.45 107.57 . 


1.3E+09 0.32 -79.04 6.93E-02 20.53 4.15 105.47 


1.4E+09 0.30 -81.25 7.00E-02 19.02 3.89 103.57 


1.5E+09 0.28 -83.28 7.05E-02 17.69 3.66 101.84 


1.6E+09 0.27 -85.17 7.10E-02 16.49 3.45 100.26 


1.7E+09 0.25 -86.92 7.13E-02 15.41 3.27 98.79 


1.8E+09 0.24 -88.57 7.17E-02 14.43 3.10 97.43 


1.9E+09 0.23 -90.12 7.19E-02 13.54 2.94 96.15 


2.0E+09 0.22 


ase [om 


2.5E+09 0.18 


-91.59 7.21E-02 12.73 2.80 94.95 


-92.98 7.23E-02 11.98 2.68 93.81 


-94.30 7.25E-02 11.29 2.56 92.73 


-95.57 7.27E-02 10.64 2.45 91.70 


-96.78 7.28E-02 10.05 2.35 90.72 


-97.93 7.29E-02 9.49 2.26 89.78 


2.6E+09 0.18 7.30E-02 8.96 2.18 88.87 
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Common Emitter S-Parameters of 3m x 50m Transistor (continued) 


[rnea wen [ ai [Pvmsesio] [PHASED] ar [PRASEESO| an [ PEASE 
4.0E+08 0.53 -54.00 3.68E-02 44.50 132.57 

38.23 125.78 
33.34 120.37 
29.47 116.00 
26.37 112.39 
23.84 109.36 
21.75 106.77 
20.00 104.51 
18.52 102.53 
17.25 100.75 
16.15 99.16 
15.19 97.70 
14.34 96.36 
13.60 95.12 
12.94 93.96 
12.34 92.87 
11.81 91.85 
11.33 90.87 
10.89 89.94 
10.50 89.06 
10.13 88.21 
9.80 87.39 
9.49 86.60 
9.21 85.83 -86.32 
8.95 85.09 0.29 -86.98 
8.71 84.36 -87.62 
8.49 1.99 83.66 


-14.26 


-26.95 


0.79 -37.31 


0.70 -45.45 


5.0E+08 0.47 -62.38 4.05E-02 0.63 -51.77 


6.0E+08 0.42 -69.35 4.31E-02 0.57 -56.72 


7.0E+08 0.37 -75.26 4.49E-02 0.51 -60.65 


8.0E+08 0.34 -80.36 4.63E-02 0.47 -63.85 


9.0E+08 0.31 -84.84 4.72E-02 0.44 -66.49 


1.0E+09 0.29 -88.83 


1.3E+09 -98.75 

1.4E+09 -101.55 
1.5E+09 104.15 
1.6E+09 -106.57 
1.7E+09 -108.85 
1.8E+09 -110.98 
1.9E+09 -113.00 
2.0E+09 -114.90 
2.1E+09 -116.69 
2.2E+09 -118.39 
2.3E+09 -120.01 
2.4E+09 121.54 
2.5E+09 -122.99 
2.6E+09 -124.37 
2.7E+09 -125.69 
2.8E+09 -126.94 
2.9E+09 -128.14 
3.0E+09 129.27 


4.80E-02 0.41 -68.71 


4.86E-02 0.39 -70.62 


4.90E-02 0.37 -72.28 


4.94E-02 0.35 -73.76 


4.97E-02 0.34 -75.08 


4.99E-02 0.33 -76.28 


5.01E-02 0.32 -77.38 


5.03E-02 0.31 -78.41 


5.05E-02 0.31 -79.37 


5.06E-02 0.30 -80.27 


5.07E-02 0.30 -81.13 


5.08E-02 0.30 -81.95 


5.09E-02 0.29 -82.74 


5.10E-02 0.29 -83.50 


5.11E-02 0.29 -84.24 


5.12E-02 0.29 -84.95 


5.12E-02 0.29 -85.64 


5.13E-02 


5.13E-02 
5.14E-02 


5.15E-02 0.29 -88.25 
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Application Information 


The HFA3101 array is a very versatile RF Building block. It 
has been carefully laid out to improve its matching properties, 
bringing the distortion due to area mismatches, thermal dis- 
tribution, betas and ohmic resistances to a minimum. 


The cell is equivalent to two differential stages built as two 
“variable transconductance multipliers” in parallel, with their 
outputs cross coupled. This configuration is well known in the 
industry as a Gilbert Cell which enables a four quadrant mul- 
tiplication operation. 


Due to the input dynamic range restrictions for the input lev- 
els at the upper quad transistors and lower tail transistors, the 
HFA3101 cell has restricted use as a linear four quadrant 
multiplier. However, its configuration is well suited for uses 
where its linear response is limited to one of the inputs only, 
as in modulators or mixer circuit applications. Examples of 
these circuits are up converters, down converters, frequency 
doublers and frequency/phase detectors. 


Although linearization is still an issue for the lower pair input, 
emitter degeneration can be used to improve the dynamic 
range and consequent linearity. The HFA3101 has the lower 
pair emitters brought to external pins for this purpose. 


In modulators applications, the upper quad transistors are 
used in a switching mode where the pairs Q1/Q> and Q3/Q4 
act as non saturating high speed switches. These switches 
are controlled by the signal often referred as the carrier input. 
The signal driving the lower pair Q5/Q¢ is commonly used as 
the modulating input. This signal can be linearly transferred 
to the output by either the use of low signal levels (Well below 
the thermal voltage of 26mV) or by the use of emitter degen- 
eration. The chopped waveform appearing at the output of 
the upper pair (Q; to Q4) resembles a signal that is multiplied 
by +1 or -1 at every half cycle of the switching waveform. 


CARRIER SIGNAL 


MODULATING SIGNAL 


DIFFERENTIAL OUTPUT 


FIGURE 1. TYPICAL MODULATOR SIGNALS 


Figure 1 shows the typical input waveforms where the fre- 
quency of the carrier is higher than the modulating signal. 
The output waveform shows a typical suppressed carrier out- 
put of an up converter or an AM signal generator. 


Carrier suppression capability is a property of the well known 
Balanced modulator in which the output must be zero when 
one or the other input (carrier or modulating signal) is equal to 
zero. however, at very high frequencies, high frequency mis- 
matches and AC offsets are always present and the suppres- 
sion capability is often degraded causing carrier and 
modulating feedthrough to be present. 


Being a frequency translation circuit, the balanced modulator 
has the properties of translating the modulating frequency 
(@yy) to the carrier frequency (@c), generating the two side 
bands wy = @c + ®y and @ = Wc - Wy. Figure 2 shows 
some translating schemes being used by balanced mixers. 


FIGURE 2A. UP CONVERSION OR SUPPRESSED CARRIER AM 


FIGURE 2C. ZERO IF OR DIRECT DOWN CONVERSION 
FIGURE 2. MODULATOR FREQUENCY SPECTRUM 
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The use of the HFA3101 as modulators has several advan- 
tages when compared to its counterpart, the diode double- 
balanced mixer, in which it is required to receive enough 
energy to drive the diodes into a switching mode and has 
also some requirements depending on the frequency range 
desired, of different transformers to suit specific frequency 
responses. The HFA3101 requires very low driving capabili- 
ties for its carrier input and its frequency response is limited 
by the Fy of the devices, the design and the layout tech- 
niques being utilized. 


Up conversion uses, for UHF transmitters for example, can be 
performed by injecting a modulating input in the range of 
45MHz to 130MHz that carries the information often called IF 
(Intermediate frequency) for up conversion (The IF signal has 
been previously modulated by some modulation scheme from 
a baseband signal of audio or digital information) and by inject- 
ing the signal of a local oscillator of a much higher frequency 
range from 600MHz to 1.2GHz into the carrier input. Using the 
example of a 850MHz carrier input and a 70MHz IF, the output 
spectrum will contain a upper side band of 920MHz, a lower 
side band of 780MHz and some of the carrier (850MHz) and IF 
(7OMHz) feedthrough. A Band pass filter at the output can 
attenuate the undesirable signals and the 920MHz signal can 
be routed to a transmitter RF power amplifier. 


Down conversion, as the name implies, is the process used 
to translate a higher frequency signal to a lower frequency 
range conserving the modulation information contained in 
the higher frequency signal. One very common typical down 
conversion use for example, is for superheterodyne radio 
receivers where a translated lower frequency often referred 
as intermediate frequency (IF) is used for detection or 
demodulation of the baseband signal. Other application uses 
include down conversion for special filtering using frequency 
translation methods. 


An oscillator referred as the local oscillator (LO) drives the 
upper quad transistors of the cell with a frequency called 
Wc. The lower pair is driven by the RF signal of frequency 
Wy to be translated to a lower frequency IF. The spectrum 
of the IF output will contain the sum and difference of the fre- 
quencies Wc and wy. Notice that the difference can become 
negative when the frequency of the local oscillator is lower 
than the incoming frequency and the signal is folded back as 
in Figure 2. 


NOTE: The acronyms RF, IF and LO are often interchanged in the 
industry depending on the application of the cell as mixers or 
modulators. The output of the cell also contains multiples of the 
frequency of the signal being fed to the upper quad pair of transistors 
because of the switching action equivalent to a square wave 
multiplication. In practice, however, not only the odd multiples in the 
case of a symmetrical square wave but some of the even multiples 
will also appear at the output spectrum due to the nature of the actual 
switching waveform and high frequency performance. By-products of 
the form M*@co + N*@y with M and N being positive or negative 
integers are also expected to be present at the output and their levels 
are carefully examined and minimized by the design. This distortion 
is considered one of the figures of merit for a mixer application. 


The process of frequency doubling is also understood by 
having the same signal being fed to both modulating and 
carrier ports. The output frequency will be the sum of @c 


and Wy which is equivalent to the product of the input fre- 
quency by 2 and a zero Hz or DC frequency equivalent to 
the difference of Wc and Wy. Figure 2 also shows one tech- 
nique in use today where a process of down conversion 
named zero IF is made by using a local oscillator with a very 
pure signal frequency equal to the incoming RF frequency 
signal that contains a baseband (audio or digital signal) 
modulation. Although complex, the extraction or detection of 
the signal is straightforward. 


Another useful application of the HFA31071 is its use as a high 
frequency phase detector where the two signals are fed to the 
carrier and modulation ports and the DC information is 
extracted from its output. In this case, both ports are utilized in 
a switching mode or overdrive, such that the process of multi- 
plication takes place in a quasi digital form (2 square waves). 
One application of a phase detector is frequency or phase 
demodulation where the FM signal is split before the modulat- 
ing and carrier ports. The lower input port is always 90 
degrees apart from the carrier input signal through a high Q 
tuned phase shift network. The network, being tuned for a pre- 
cise 90 degrees shift at a nominal frequency, will set the two 
signals 90 degrees apart and a quiescent output DC level will 
be present at the output. When the input signal is frequency 
modulated, the phase shift of the signal coming from the net- 
work will deviate from 90 degrees proportional to the fre- 
quency deviation of the FM signal and a DC variation at the 
output will take place, resembling the demodulated FM signal. 


The HFA3101 could also be used for quadrature detection, 
(I/Q demodulation), AGC control with limited range, low level 
multiplication to name a few other applications. 


Biasing 


Various biasing schemes can be employed for use with the 
HFA3101. Figure 3 shows the most common schemes. The 
biasing method is a choice of the designer when cost, ther- 
mal dependence, voltage overheads and DC balancing 
properties are taken into consideration. 


Figure 3A shows the simplest form of biasing the HFA3101. 
The current source required for the lower pair is set by the 
voltage across the resistor Rpjas less a Vee drop of the 
lower transistor. To increase the overhead, collector resistors 
are substituted by an RF choke as the upper pair functions as 
a current source for AC signals. The bases of the upper and 
lower transistors are biased by Rp; and Reo respectively. 
The voltage drop across the resistor Ro must be higher than a 
Vee with an increase sufficient to assure that the collector to 
base junctions of the lower pair are always reverse biased. 
Notice that this same voltage also sets the Vcg of operation 
of the lower pair which is important for the optimization of 
gain. Resistors Reg are nominally zero for applications where 
the input signals are well below 25mV peak. Resistors Reg 
are used to increase the linearity of the circuit upon higher 
level signals. The drop across Reg must be taken into consid- 
eration when setting the current source value. 


Figure 3B depicts the use of a common resistor sharing the 
current through the cell which is used for temperature com- 
pensation as the lower pair Vee drop at the rate of -2mV/°C. 


Figure 3C uses a split supply. 
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FIGURE 3A. 


Design Example: Down Converter Mixer 


Figure 4 shows an example of a low cost mixer for cellular 
applications. 


RF IN 


900MHz 


FIGURE 4. 3V DOWN CONVERTER APPLICATION 


The design flexibility of the HFA3101 is demonstrated by a 
low cost, and low voltage mixer application at the 9OOMHz 
range. The choice of good quality chip components with their 
self resonance outside the boundaries of the application are 
important. The design has been optimized to accommodate 


FIGURE 3B. 
FIGURE 3. 


VEE 
FIGURE 3C. 


the evaluation of the same layout for various quiescent cur- 
rent values and lower supply voltages. The choice of Re 
became important for the available overhead and also for 
maintaining an AC true impedance for high frequency sig- 
nals. The value of 27Q has been found to be the optimum 
minimum for the application. The input impedances of the 
HFA3101 base input ports are high enough to permit their 
termination with 50Q resistors. Notice the AC termination by 
decoupling the bias circuit through good quality capacitors. 


The choice of the bias has been related to the available 
power supply voltage with the values of Rj, Ro and Raj~s 
splitting the voltages for optimum Vcg values. For evaluation 
of the cell quiescent currents, the voltage at the emitter 
resistor Re has been recorded. 


The gain of the circuit, being a function of the load and the 
combined emitter resistances at high frequencies have been 
kept to a maximum by the use of an output match network. 
The high output impedance of the HFA3101 permits broad- 
band match if so desired at 50Q (Ri = 50 to 2kQ) as well 
as with tuned medium Q matching networks (L, T etc.). 


Stability 


The cell, by its nature, has very high gain and precautions 
must be taken to account for the combination of signal 
reflections, gain, layout and package parasitics. The rule of 
thumb of avoiding reflected waves must be observed. It is 
important to assure good matching between the mixer stage 
and its front end. Laboratory measurements have shown 
some susceptibility for oscillation at the upper quad transis- 
tors input. Any LO prefiltering has to be designed such the 
return loss is maintained within acceptable limits specially at 
high frequencies. Typical off the shelf filters exhibits very 
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poor return loss for signals outside the passband. It is sug- 
gested that a “pad” or a broadband resistive network be 
used to interface the LO port with a filter. The inclusion of a 
parallel 2K resistor in the load decreases the gain slightly 
which improves the stability factor and also improves the dis- 
tortion products (output intermodulation or 3rd order inter- 
cept). The employment of good RF techniques shall suffice 
the stability requirements. 


Evaluation 


The evaluation of the HFA3101 in a mixer configuration is 
presented in Figures 6 to 11, Table 1 and Table 2. The layout 
is depicted in Figure 5. 


FIGURE 5. UP/DOWN CONVERTER LAYOUT, 400%; 
MATERIAL G10, 0.031 


The output matching network has been designed from data 
taken at the output port at various test frequencies with the 
setup as in Table 1. Soo characterization is enough to assure 
the calculation of L, T or transmission line matching networks. 


TABLE 1. Sop PARAMETERS FOR DOWN CONVERSION, 
Lon = 10H 


TABLE 2. TYPICAL PARAMETERS FOR DOWN CONVERSION, 
Lon = 10H 


Vcc = 3V 
PARAMETER LO LEVEL IBilas = 8mMA 


Vcc = 4V 
LO LEVEL IBiAs = 19mMA 


TABLE 3. TYPICAL VALUES OF S99 FOR THE OUTPUT PORT. 
Lon = 390NH Ipias = 8MA (SET UP OF FIGURE 11) 


FREQUENCY REACTANCE 
300MHz 


600MHz 


NF SSB 


RESISTANCE 


FREQUENCY 


Up Converter Example 


An application for a up converter as well as a frequency mul- 
tiplier can be demonstrated using the same layout, with an 
addition of matching components. The output port Soo must 
be characterized for proper matching procedures and 
depending on the frequency desired for the output, transmis- 
sion line transformations can be designed. The return loss of 
the input ports maintain acceptable values in excess of 
1.2GHz which can permit the evaluation of a frequency dou- 
bler to 2.4GHz if so desired. 


The addition of the resistors Reg can increase considerably 
the dynamic range of the up converter as demonstrated at 
Figure 13. The evaluation results depicted in Table 5 have 
been obtained by a triple stub tuner as a matching network 
for the output due to the layout constraints. Based on the 
evaluation results it is clear that the cell requires a higher 
Bias current for overall performance. 
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S;, LOG MAG 


0dB 
sap, | | | | | | | | | | 


100MHz 1.1GHz 
FIGURE 6. OUTPUT PORT S99 TEST SET UP FIGURE 7. LO PORT RETURN LOSS 
S1; LOG MAG So LOG MAG 
0dB 


Ft ft | | | | tT tf 
Pt ttt tt] ff 
400MHz 1.1GHz Ware TIOMHz 
FIGURE 8. RF PORT RETURN LOSS FIGURE 9. IF PORT RETURN LOSS, WITH MATCHING 
NETWORK 
RF = 901MHz - 25dBm RF = 900MHz -25dBm 
LO = 825MHz -6dBm ; LO = 825MHz -6dBm 
10dB 
ov|_ | | | | 


ae 
eee... 
et tT | TT seam || 
| date t- ae = 


SPAN SPAN 
te A) 500MHz 
64M 76MHz 88M 675 750 825 900 975 
11*LO-10RF = IF 12RF - 13LO LO - 2RF LO + 2RF 


FIGURE 10. TYPICAL IN BAND OUTPUT SPECTRUM, Vcc = 3V FIGURE 11. TYPICAL OUT OF BAND OUTPUT SPECTRUM 
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Design Example: Up Converter Mixer TABLE 5. TYPICAL PARAMETERS FOR AN UP CONVERTER 
EXAMPLE 


[rane | coms | ime 
PARAMETER Ipias = 8MA | Ipiag=18MA 


Figure 12 shows an example of an up converter for cellular 
applications. 


Conclusion 


The HFA3101 offers the designer a number of choices and 
different applications as a powerful RF building block. 
Although isolation is degraded from the theoretical results for 
the cell due to the unbalanced, nondifferential input schemes 
being used, a number of advantages can be taken into con- 
sideration like cost, flexibility, low power and small outline 
when deciding for a design. 


LO IN 


0.01 390nH 
825MHz 
0.01 5 onH 
900MHz 
Vec[ ] 3V 


0.01 RF IN 


—? 75MHz 


FIGURE 12. 


OUTPUT WITHOUT EMITTER DEGENERATION OUTPUT WITH EMITTER DEGENERATION Ree = 4.70 EXPANDED SPECTRUM Ree = 4.70 


890 901 912 825 900 976 
2L0 - 10RF 12RF 
RF = 76MHz 
LO = 825MHz 


FIGURE 13. TYPICAL SPECTRUM PERFORMANCE 


7-107 


ARRAYS AND DIFF. 
AMPLIFIERS 


HFA3101 


Typical Performance Curves for Transistors 


< 
E 

re 

Voce (V) 
FIGURE 14. Ic vs Voge 

< 

a) 

3 

< 

: ATI LLL 


Za 
[CT 
10°3 102 


Ic (A) 


FIGURE 17. fr vsIc 


NOISE FIGURE (dB) 
ISo4I (dB) 


FREQUENCY (GHz) 


FIGURE 18. GAIN AND NOISE FIGURE vs FREQUENCY 
NOTE: Figures 14 through 18 are only for Qs and Q¢. 
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Die Characteristics 
PROCESS 

UHF-1 
DIE DIMENSIONS: 


53 mils x 52 mils x 14 mils 
1340um x 13820um x 355.6um 


METALLIZATION: 
Type: Metal 1: AlCu(2%)/TiW 


HFA3101 


PASSIVATION: 


Type: Nitride 
Thickness: 4kA +0. 5kA 


SUBSTRATE POTENTIAL (Powered Up): 


Floating 


Thickness: Metal 1: 8kA #4). 5kA 


Type: Metal 2: AlCu(2%) 


Thickness: Metal 2: 16kA +0), 8kA 


Metallization Mask Layout 


HFA3101 


ae feet) Si 


a9 
8 co oH) a 


o[e}ele/s je lesleaC]} SOSISAGL 
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August 1996 Dual Long-Tailed Pair Transistor Array 


Features Description 


High Gain-Bandwidth Product (f+) The HFA3102 is an all NPN transistor array configured as 
; : : dual differential amplifiers with tail transistors. Based on 
Figs POWEr Bein Banewecnl Pronuel Harris bonded wafer UHF-1 SOI process, this array achieves 
High Current Gain (hee) very high fy (10GHz) while maintaining excellent hfe and 

Vee matching characteristics over temperature. Collector 


Noise Figure (Transistor) leakage currents are maintained to under 0.01nA. 


Low Collector Leakage Current ; . 
Ordering Information 
Excellent hee and Vee Matching 


Pin-to-Pin to UPA102G TEMP. 
PART NUMBER | RANGE (°C) PACKAGE 


Applications HFASIO2B M1415 | 15 


e Single Balanced Mixers — 14Ld SOIC Tape |M14.15 
‘ ae and Reel 
¢ Wide Band Amplification Stages 


¢ Differential Amplifiers 

e Multipliers 

e Automatic Gain Control Circuits 
Frequency Doublers, Tripplers 
Oscillators 
Constant Current Sources 
Wireless Communication Systems 
Radio and Satellite Communications 
Fiber Optic Signal Processing 


High Performance Instrumentation 


Pinout/Functional Diagram 


HFA3102 
(SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 3635 2 
Copyright © Harris Corporation 1996 7-110 
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Absolute Maximum Ratings Ty, = 25°C 


VcEo Collector to Emitter Voltage ....................2.. 8.0V 
VoBo Collector to Base Voltage. ..................008. 12.0V 
Vero Emitierrito Base VONAGE. c.. scree ctxannvensas 12.0V 
hei CONGHIOF GUNG, on sce esse red cresenys geragerens 30mA 


Operating Conditions 
Temperature Range .............. 000 e eee eee -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) 8 ya (°C/W) 

SOIC) PRCKOUG: iacacesnecascdneerasdanrcuws 125 
Maximum Power Dissipation at 75°C 

Any One Wansigtor ssiccciccccscsdst eesensGaxesiagara 0.25W 
Maximum Junction Temperature (Die)................005. 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Ty, = 25°C 


SYMBOLS PARAMETER 

V(BR)CBO | Collector-to-Base Breakdown Voltage 
(Q1, Qo, Q4, and Qs) 

V(BR)CEO | Collector-to-Emitter Breakdown 
Voltage (Q, thru Q¢) 


Emitter-to-Base Breakdown Voltage 
(Q3 and Q¢) 


ICBO Collector Cutoff Current 
(Qy, Q2, Q4, and Qs) 


Available Gain at Minimum Noise Figure 


Minimum Noise Figure 


50Q Noise Figure 


heey/hre2 | DC Current Gain Matching 
(Q1 and Qo, Q4 and Qs) 


Input Offset Voltage (Qy and Qo); 
(Q4 and Qs) 


ai Input Offset Current (Q; and Qo), 


(Q4 and Qs) 


dVos/dT Input Offset Voltage TC 
(Qy and Qo, Q4 and Qs) 


TEST CONDITIONS 


Io = 100pA, Ip = 0 


Vop = 5V, lp =0 


[eso | ene Gascon Guonaau | vew= Wiese 
we | occu canrrwan [len na vers 
a 
es 
1 [erenosnsananrost [ies Tom vers 


(NOTE 2) 
TEST 
LEVEL 


ALL GRADES 
pwn | rye | wax 


UNITS 


p= 
> 


— 
nN 


300 


| .. 
ss 


=) 


H 


ails 
oO 
N 


GHz 


Ss 


17.5 


12.4 


_ 
fee) 


=" 
— 


on 
E =| 
< 


ie) 
> 


© 
ou 


: —F Ff oe oe 
ro) wo} — 


uV/PC 
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Electrical Specifications Ts, = 25°C (Continued) 


(NOTE 2) ALL GRADES 
TEST 
SYMBOLS PARAMETER TEST CONDITIONS LEVEL | min | tye | max | UNITS 


ITRENCH- Collector-to-Collector Leakage AVTEST = 5V 0.01 nA 
LEAKAGE | (Pin6, 7, 13, and 14) 

NOTE: 

2. Test Level: A. Production Tested; B. Typical or Guaranteed Limit Based on Characterization; C. Design Typical for Information Only 


PSPICE Model for a Single Transistor 

Model NUHFARRY NPN 

+ (IS=1.840E-16 XTl=3.000E+00 EG=1.110E+00 VAF=7.200E+01 
+ VAR= 4.500E+00 BF=1.036E+02 ISE=1.686E-19 NE= 1.400E+00 
+ IKF=5.400E-02 XTB=0.000E+00 BR=1.000E+01 ISC= 1.605E-14 
+ NC= 1.800E+00 IKR=5.400E-02 RC=1.140E+01 CJC=3.980E-13 
+ MJC= 2.400E-01 VJC=9.700E-01 FC=5.000E-01 CJE=2.400E-13 
+ MJE= 5.100E-01 VJE=8.690E-01 TR=4.000E-09 TF=10.51E-12 

+ ITF= 3.500E-02 XTF=2.300E+00 VTF=3.500E+00 PTF=0.000E+00 
+ XCJC= 9.000E-01 CJS=1.689E-13 VJS=9.982E-01 MJS=0.000E+00 
+ RE= 1.848E+00 RB=5.007E+01 RBM=1.974E+00 KF=0.000E+00 
+ AF= 1.000E+00) 
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Common Emitter S-Parameters 
VceE = 5V and Ic = 5mA 


FREQ. (Hz) 
1.0E+08 
2.0E+08 
3.0E+08 
4.0E+08 
5.0E+08 
6.0E+08 
7.0E+08 
8.0E+08 
9.0E+08 
1.0E+09 
1.1E+09 
1.2E+09 
1.3E+09 
1.4E+09 
1.5E+09 
1.6E+09 
1.7E+09 
1.8E+09 
1.9E+09 
2.0E+09 
2.1E+09 
2.2E+09 
2.3E+09 
2.4E+09 
2.5E+09 
2.6E+09 
2.7E+09 
2.8E+09 
2.9E+09 
3.0E+09 


IS44I 
0.833079 
0.791776 
0.734911 
0.672811 
0.612401 
0.557126 
0.508133 
0.465361 
0.428238 
0.396034 
0.368032 
0.343589 
0.322155 
0.303268 
0.286542 
0.271660 
0.258359 
0.246420 
0.235659 
0.225923 
0.217085 
0.209034 
0.201678 
0.194939 
0.188747 
0.183044 
0.177780 
0.172909 
0.168394 
0.164200 


- Vog = 5V and Ic = 10mA 


FREQ. (Hz) 
1.0E+08 
2.0E+08 
3.0E+08 
4.0E+08 
5.0E+08 
6.0E+08 
7.0E+08 
8.0E+08 
9.0E+08 
1.0E+09 
1.1E+09 
1.2E+09 
1.3E+09 
1.4E+09 
1.5E+09 
1.6E+09 
1.7E+09 
1.8E+09 
1.9E+09 
2.0E+09 
2.1E+09 
2.2E+09 
2.3E+09 
2.4E+09 
2.5E+09 
2.6E+09 
2.7E+09 
2.8E+09 
2.9E+09 
3.0E+09 


IS44I 


0.728106 
0.670836 
0.600268 
0.531768 
0.471795 
0.421506 
0.379961 
0.345693 
0.317301 
0.293608 
0.273680 
0.256782 
0.242344 
0.229918 
0.219152 
0.209767 
0.201539 
0.194288 
0.187867 
0.182157 
0.177056 
0.172484 
0.168370 
0.164656 
0.161293 
0.158239 
0.155458 
0.152919 
0.150595 
0.148463 


PHASE(S4) 


-11.7873 
-22.8290 
-32.6450 
-41.0871 
-48.2370 
-54.2780 
-59.4102 
-63.8123 
-67.6313 
-70.9834 
-73.9591 
-76.6285 
-79.0462 
-81.2548 
-83.2880 
-85.1723 
-86.9292 
-88.5759 
-90.1265 
-91.5925 
-92.9836 
-94.3076 
-95.5713 
-96.7803 
-97.9395 
-99.0530 
-100.124 
-101.156 
-102.152 
-103.114 


PHASE(S,}4) 
-16.4319 
-31.2669 
-43.7663 
-54.0028 
-62.3880 
-69.3569 
-75.2612 
-80.3608 
-84.8420 
-88.8381 
-92.4452 
-95.7336 
-98.7555 
-101.551 
-104.150 
-106.577 
-108.851 
-110.988 
-113.001 
-114.902 
-116.698 
-118.399 
-120.012 
-121.542 
-122.996 
-124.378 
-125.694 
-126.947 
-128.140 
-129.279 


ISzal 
1.418901E-02 
2.695740E-02 
3.750029E-02 
4.572138E-02 
5.194147E-02 
5.659943E-02 
6.009507E-02 
6.274213E-02 
6.477134E-02 
6.634791E-02 
6.758932E-02 
6.857937E-02 
6.937837E-02 
7.003020E-02 
7.056718E-02 
7.101343E-02 
7.138717E-02 
7.170231E-02 
7.196964E-02 
7.219757E-02 
7.239274E-02 
7.256046E-02 
7.270498E-02 
7.282977E-02 
7.293764E-02 
7.303093E-02 
7.311157E-02 
7.318117E-02 
7.324107E-02 
7.329243E-02 


ISqol 


1.273920E-02 
2.342300E-02 
3.132521E-02 
3.681579E-02 
4.057046E-02 
4.316292E-02 
4.499071E-02 
4.631140E-02 
4.728948E-02 
4.803091E-02 
4.860515E-02 
4.905871E-02 
4.942344E-02 
4.972158E-02 
4.996903E-02 
5.017730E-02 
5.035491E-02 
5.050825E-02 
5.064218E-02 
5.076045E-02 
5.086598E-02 
5.096107E-02 
5.104755E-02 
5.112690E-02 
5.120031E-02 
5.126876E-02 
5.133304E-02 
5.139381E-02 
5.145164E-02 
5.150697E-02 


PHASE(S42) 


78.8805 
68.6355 
59.5861 
51.9018 
45.5043 
40.2112 
35.8226 
32.1594 
29.0743 
26.4506 
24.1974 
22.2441 
20.5358 
19.0293 
17.6908 
16.4930 
15.4143 
14.4370 
13.5469 
12.7319 
11.9824 
11.2901 
10.6480 
10.0503 
9.49212 
8.96908 
8.47753 
8.01430 
7.57661 
7.16204 


PHASE(S, 2) 
75.4177 
62.8941 
52.5891 
44.5019 
38.2308 
33.3405 
29.4764 
26.3755 
23.8481 
21.7581 
20.0070 
18.5224 
17.2505 
16.1506 
15.1915 
14.3490 
13.6040 
12.9411 
12.3482 
11.8151 
11.3338 
10.8974 
10.5001 
10.1373 
9.80479 
9.49919 
9.21750 
8.95716 
8.71595 
8.49194 


7-113 


ISo4! 
110722 
10.5177 
9.75379 
8.91866 
8.10511 
7.35944 
6.69712 
6.11750 
5.61303 
5.17405 
4.79104 
4.45546 
4.15997 
3.89845 
3.66577 
3.45770 
3.27074 
3.10197 
2.94897 
2.80969 
2.68243 
2.56573 
2.45837 
2.35928 
2.26756 
2.18243 
2.10322 
2.02934 
1.96027 
1.89556 


ISo4! 
15.1273 
13.9061 
12.3970 
10.9257 
9.62995 
8.53559 
7.62375 
6.86423 
6.22797 
5.69057 
5.23257 
4.83873 
4.49716 
4.19854 
3.93554 
3.70234 
3.49428 
3.30758 
3.13919 
2.98658 
2.84766 
2.72068 
2.60420 
2.49697 
2.39793 
2.30619 
2.22098 
2.14162 
2.06753 
1.99820 


PHASE(S91) 
168.576 
157.897 
148.443 
140.361 
133.569 
127.882 
123.102 
119.047 
115.571 
112.556 
109.913 
107.570 
105.472 
103.576 
101.849 
100.262 
98.7956 
97.4307 
96.1533 
94.9515 
93.8156 
92.7373 
91.7097 
90.7271 
89.7844 
88.8775 
88.0026 
87.1565 
86.3366 
85.5404 


PHASE(S>3) 


165.227 
152.045 
141.185 
132.570 
125.781 
120.378 
116.005 
112.398 
109.365 
106.771 
104.518 
102.532 
100.759 
99.1602 
97.7028 
96.3629 
95.1215 
93.9633 
92.8761 
91.8500 
90.8766 
89.9494 
89.0626 
88.2115 
87.3920 
86.6007 
85.8348 
85.0916 
84.3690 
83.6651 


ISool 
0.976833 
0.930993 
0.868128 
0.799886 
0.734033 
0.674392 
0.622181 
0.577269 
0.538952 
0.506365 
0.478663 
0.455091 
0.435008 
0.417872 
0.403238 
0.390735 
0.380056 
0.370947 
0.363195 
0.356623 
0.351081 
0.346442 
0.342599 
0.339458 
0.336942 
0.334982 
0.333518 
0.332499 
0.331879 
0.331620 


ISoal 
0.959692 
0.886232 
0.796016 
0.708892 
0.633146 
0.570209 
0.518803 
0.476987 
0.442915 
0.415044 
0.392146 
0.373261 
0.357640 
0.344698 
0.333974 
0.325102 
0.317789 
0.311800 
0.306940 
0.303051 
0.300003 
0.297686 
0.296007 
0.294889 
0.294266 
0.294081 
0.294285 
0.294836 
0.295696 
0.296834 


PHASE(S99) 


-11.0509 
-21.3586 
-30.4451 

-38.1641 

-44.5998 
-49.9370 
-54.3777 
-58.1022 
-61.2587 
-63.9647 
-66.3116 
-68.3702 
-70.1958 
-71.8314 
-73.3108 
-74.6609 
-75.9030 
-77.0544 
-78.1288 
-79.1377 
-80.0903 
-80.9942 
-81.8557 
-82.6802 
-83.4719 
-84.2347 
-84.9716 
-85.6853 
-86.3781 

-87.0518 


PHASE(S2) 


-14.2688 
-26.9507 
-37.3172 
-45.4503 
-51.7704 
-56.7206 
-60.6598 
-63.8540 
-66.4948 
-68.7193 
-70.6269 
-12,.2899 
-73.7620 
-75.0832 
-76.2840 
-77.3877 
-78.4122 
-79.3715 
-80.2768 
-81.1365 
-81.9578 
-82.7460 
-83.5057 
-84.2405 
-84.9533 
-85.6466 
-86.3223 
-86.9822 
-87.6275 
-88.2595 
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Typical Performance Curves 


NOISE FIGURE (dB) 


Ic (mA) 


Ic AND Ig (A) 


IS24! (dB) 


FREQUENCY (GHz) 


FIGURE 5. GAIN AND NOISE FIGURE vs FREQUENCY 


CLIN VATA Nh 
WALLA | NI 
LUNE | AT 


fy (GHz) 


FIGURE 4. fy vs Ic 


3rd ORDER INTERCEPT POINT 
auegmaeemmeenmeenmeeeenses ea ~ 
1dB COMPRESSION POINT , oe ° vel 
e 


Voce = 5V 
Ic = 10mMA 
f = 1GHz 


Poyt, OUTPUT POWER (dBm) 


-30 -20 -10 0 10 
Pin, INPUT POWER (dBm) 


FIGURE 6. Pigg AND 3RD ORDER INTERCEPT 
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HFA3102 


Die Characteristics 


PROCESS: PASSIVATION: 
UHF-1 Type: Nitride 
53 mils x 52 mils x 14 mils SUBSTRATE POTENTIAL (Powered Up): 
1340um x 1320um x 355.6um Floating 

METALIZATION: 

Type: Metal 1: AlCu(2%)/TiW 
Thickness: Metal 1: 8kA +0.5kA 
Type: Metal 2: AlCu(2%) 
Thickness: Metal 2: 16kA +0.8kA 
Metallization Mask Layout 
HFA3102 
TOP VIEW 


1340um 
(53 mils) 


60813A 
28A 235A 
SOB 


1320um 
(52 mils) 


Pad numbers correspond to the 14 pin SOIC pinout. 
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SPECIAL ANALOG CIRCUIT DATA SHEETS 


CA555, CA555C, 
LM555, LM555C 


CA1391, CA1394 
CA2111A 
CA3012 
CA3088E 
CA3089 

CA3126 

CA3154 

CA3189 
CA3224E 
CA3256 
CD22402 
HA-2546 
HA-2547 
HA-2556 
HA-2557 
HA7210, HA7211 
HFA5250 
HFA5251 
HFA5253 
ICL8013 
ICL8038 
ICM7242 
ICM7555, ICM7556 
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Timers for Timing Delays and Oscillator Application 
in Commercial, Industrial and Military Equipment 


FARRIS 


SEMICONDUCTOR 


Ht 


November 1996 


Features 


Accurate Timing From Microseconds Through Hours 
Astable and Monostable Operation 

Adjustable Duty Cycle 

Output Capable of Sourcing or Sinking up to 200mA 
Output Capable of Driving TTL Devices 

Normally ON and OFF Outputs 

High Temperature Stability 0.005%/°C 
Directly Interchangeable with SE555, NE555, MC1555, 
and MC1455 


Applications 


e Precision Timing 


Description 


The CA555 and CA555C are highly stable timers for use in 
precision timing and oscillator applications. As timers, these 
monolithic integrated circuits are capable of producing accu- 
rate time delays for periods ranging from microseconds 
through hours. These devices are also useful for astable 
oscillator operation and can maintain an accurately con- 
trolled free running frequency and duty cycle with only two 
external resistors and one capacitor. 


The circuits of the CA555 and CA555C may be triggered by 
the falling edge of the waveform signal, and the output of 


¢ Pulse Generation these circuits can source or sink up to a 200mA current or 


¢ Sequential Timing e Pulse Detector 
¢ Time Delay Generation 


Modulation 


Ordering Information 


¢ Pulse Width and Position 


drive TTL circuits. 


These types are direct replacements for industry types in 
packages with similar terminal arrangements e.g. SE555 
and NE555, MC 1555 and MC 1455, respectively. The CA555 


type circuits are intended for applications requiring premium 
electrical performance. The CA555C type circuits are 
intended for applications requiring less stringent electrical 
characteristics. 


| "anano). [Rance (%c)| rackace | ‘Nor 
(BRAND) RANGE (°C) 


CA0555CM96 (555C) 8 Ld SOIC + 


CAO555CT Oto70 |8 Pin Metal Can 
LM555N O0to70 |8Ld PDIP 
LM555CN 8 Ld PDIP E8.3 


NOTE: + Denotes Tape and Reel 


Pinouts Functional Block Diagram 
CA555, CA555C (PDIP, SOIC) 
LM555, LM555C (PDIP) Y cnn 


TOP VIEW (8) vottace ©) @ 


nae se = Bimgw@ee@eeeeeee ws g 
GND | 1| 8 | V+ a 
TRIGGER | 2] DISCHARGE 
TRIGGER 
OUTPUT [ 3] |6 | THRESHOLD COMPAR S 
RESET [| 4] | 5 |] CONTROL Ie 
VOLTAGE 


THRESHOLD 
CA555, CA555C (METAL CAN) COMPAR 
TOP VIEW 


V+ TAB 


THRESHOLD 
ga Ee & aE 
©) 


SY) 


DISCHARGE OUTPUT 


FLIP-FLOP 


GND 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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File Number 


SPECIAL ANALOG 
CIRCUITS 


CA555, CA555C, LM555, LM555C 


Absolute Maximum Ratings Thermal Information 

is BUY VONEGG ovcese enc cedeneeewnn ee 6% ncawes ems 18V Thermal Resistance (Typical, Note 1) 8ya (CCIW) 8yc (CC/W) 

Metal Can Package............... 170 85 

Operating Conditions POP PAGhAGG so <cacwrecesenteegs 100 N/A 

+ SOG POCKS0Gs oi <csscaavedeeiane 160 N/A 
emperature Range ' 6 Maximum Junction Temperature (Hermetic Package) ........ 175°C 
CASES... seers cere sree eee eee e ee eeeees “55 . to — Maximum Junction Temperature (Plastic Package) ........ 150°C 
CA555C, LM555, LMS55C ..<ccssnesessauanwanne O-G to 70°C Maximum Storage Temperature Range pon aaan -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. @ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications T, = 25°C, V+ = 5V to 15V Unless Otherwise Specified 


CA555, LM555 CA555C, LM555C 
PARAMETER SYMBOL 
V+ 


DC Supply Current (Low State), I+  |V+=5V,R,=0 [= | & | 


Cc 


= E/E si 3 


NITS 


(Note 2) 


oO 
on 


ol — pm 


j=) 


ad 
—s 
© 
©) 
on 


oO 
=s 


Reset Current 


Control Voltage Level 


oO 
—_ 
WwW —_ 
© =) 
nm = 
(o>) on 
j=) 


“? 
- nl wl eC] 2 = at “iG a7; = N} < = 0 


Output Voltage 


= 
NO 
Oo. 


Low State 


S| al a~ = ox 
al oO o id 


© 
© 
on 


Oo 
—h 
o 
—_ 
on 


oO 
a= 


ae) 
io) 


QD 
rs 
x 
T 
on 
-) 
3 
> 
>) 
> 
ro) 
on 


Output Voltage Von |V+=5V, source = 100MAF 3.0 
High State V+=15V, lsquRce=100mA] 13.0 

Timing Error (Monostable) Ry, Ro = 1kQ to 100kQ, 

C=0.1pF 


Frequency Drift with Temperature Tested at V+ = 5V, V+ = 15V 100 


Drift with Supply Voltage 


2.75 


ae 


ne) 


Oo 
oO 


oO o 
ro) 


sE 
Ola 


—* 
ae | 
on 
a 
< 


ro) 
fo) 
a 
— 
ho 
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CA555, CA555C, LM555, LM555C 


Electrical Specifications T, = 25°C, V+ = 5V to 15V Unless Otherwise Specified (Continued) 


PARAMETER SYMBOL TEST CONDITIONS 


NOTES: 


2. When the output is in a high state, the DC supply current is typically 1mA less than the low state value. 


3. The threshold current will determine the sum of the values of Ry and Ro to be used in Figure 4 (astable operation); the maximum total 


Ry + Ro = 20MQ. 


Schematic Diagram 


ry THRESHOLD r TRIGGER 


~ COMPARATOR 5 COMPARATOR 


7 - ii ~ 
D; 
Qi¢ 


Q20 4 

i , OUTPUT 

3 Lis | ~ 
sal | | 


THRESHOLD 


i 

| 

| 

i 

10K ' 

CONTROL ; 
a 


VOLTAGE 


S) 


RESET ! 
F 


DISCHARGE} Q5 


O-} DISCHARGE 8 100 
Vv Bala ewes = aeeawaees ws @ 


NOTE: Resistance values are in ohms. 


pai valt 1 LPS 7 


| 8 
] FLIP-FLOP L] OUTPUT 


Typical Applications 
Reset Timer (Monostable Operation) 


Figure 1 shows the CA555 connected as a reset timer. In this 
mode of operation capacitor Cr is initially held discharged by 
a transistor on the integrated circuit. Upon closing the “start” 
switch, or applying a negative trigger pulse to terminal 2, the 
integral timer flip-flop is “set” and releases the short circuit 
across Cry which drives the output voltage “high” (relay ener- 


gized). The action allows the voltage across the capacitor to 
increase exponentially with the constant t = RyC7. When the 
voltage across the capacitor equals 2/3 V+, the comparator 
resets the flip-flop which in turn discharges the capacitor rap- 
idly and drives the output to its low state. 
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SPECIAL ANALOG 
CIRCUITS 


CA555, CA555C, LM555, LM555C 


NOTE: All resistance values are in ohms. 


FIGURE 1. RESET TIMER (MONOSTABLE OPERATION) 


Since the charge rate and threshold level of the comparator 
are both directly proportional to V+, the timing interval is rel- 
atively independent of supply voltage variations. Typically, 
the timing varies only 0.05% for a 1V change in V+. 


Applying a negative pulse simultaneously to the reset termi- 
nal (4) and the trigger terminal (2) during the timing cycle 
discharges Cy and causes the timing cycle to restart. 
Momentarily closing only the reset switch during the timing 
interval discharges Cr, but the timing cycle does not restart. 


Figure 2 shows the typical waveforms generated during this 
mode of operation, and Figure 3 gives the family of time 
delay curves with variations in Ry and Cr. 


SWITCH S; “OPEN” 


INPUT 
VOLTAGE (TERMINAL 2) 
SWITCH S, “CLOSED” 


CAPACITOR 
VOLTAGE (TERMINALS 6, 7) 
0 


OUTPUT 
VOLTAGE 
(TERMINAL 3) 


0 


FIGURE 2. TYPICAL WAVEFORMS FOR RESET TIMER 


0.1 


CAPACITANCE (uF) 


0.001 
10°° 


TIME DELAY(s) 
FIGURE 3. TIME DELAY vs RESISTANCE AND CAPACITANCE 


Repeat Cycle Timer (Astable Operation) 


Figure 4 shows the CA555 connected as a repeat cycle 
timer. In this mode of operation, the total period is a function 
of both Ry and Ro. 


FIGURE 4. REPEAT CYCLE TIMER (ASTABLE OPERATION) 


T = 0.693 (Ry + 2Ro) Cy =t; + to 
where ty = 0.693 (Ry + Ro) Cr 
and to = 0.693 (Ro) Cr 
the duty cycle is: 


t, _ Me 
t, +t, R,+2R, 


Typical waveforms generated during this mode of operation 
are shown in Figure 5. Figure 6 gives the family of curves of 
free running frequency with variations in the value of 
(Ry + 2Ro) and Cr. 


CA555, CA555C, LM555, LM555C 


>_> 


100 


- 950 = 
5V Ta = 25°C, V+ =5V 


NNO 


COI) s INININ de 
PPL RPL PIPL P| NN eRENDN 
A ATATATATAL ONNIANAANAA 

ANWAWA\WA\W AL Ai NAN 
om FEM TTT INININIAA 


Top Trace: Output voltage (2V/Div. and 0.5ms/Div.) 
Bottom Trace: Capacitor voltage (1V/Div. and 0.5ms/Div.) 


FREQUENCY (Hz) 


FIGURE 5. TYPICAL WAVEFORMS FOR REPEAT CYCLE TIMER FIGURE 6. FREE RUNNING FREQUENCY OF REPEAT CYCLE 
TIMER WITH VARIATION IN CAPACITANCE AND 
RESISTANCE 


Typical Performance Curves 


2 
= 10 
G 
z z 9 
: zs 
5 b 7 
oa uu 
= = 6 
= 5 
= Bo 5 
a > 
= a a 
> 3 
~ ¢ 
1 
0 0.1 0.2 0.3 0.4 5 
MINIMUM TRIGGER (PULSE) VOLTAGE (x V+) (NOTE) 0 2.5 5 7.5 10 12.5 15 Oo 
NOTE: Where x is the decimal multiplier of the supply voltage. SUPPLY VOLTAGE (V) z “ 
FIGURE 7. MINIMUM PULSE WIDTH vs MINIMUM TRIGGER FIGURE 8. SUPPLY CURRENT vs SUPPLY VOLTAGE ze 
VOLTAGE <3 
2.0 qc 
F aml acccilliolad saisieeeesamnetlensthamecphint-c| oecclenee liciaaaalcaal 75 C) 
i a OO 
Lu 
ou 
9) 


= 
Ww = 
< wu 
F 1.6 } 
fe) 
5 3 
2 1.2 “I 
Lu 
re) 
q 
W 0.8 = 
re) 
= > 
ond 
3 5 
5, OA E 
= 5V < V+< 15V fe) 
>] 
oY 0 
1 10 100 
SOURCE CURRENT (mA) SINK CURRENT (mA) 
FIGURE 9. OUTPUT VOLTAGE DROP (HIGH STATE) vs FIGURE 10. OUTPUT VOLTAGE LOW STATE vs SINK 
SOURCE CURRENT CURRENT 
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CA555, CA555C, LM555, LM555C 


Typical Performance Curves (continued) 


OUTPUT VOLTAGE - LOW STATE (V) 


ae LcRin AA GAA Ell 
os ee a 
Ta = -55°C mime 
ig ca 
72a 
s 4 if ‘et —-t+— 


SINK CURRENT (mA) 


FIGURE 11. OUTPUT VOLTAGE LOW STATE vs SINK 


NORMALIZED DELAY TIME 


CURRENT 


SUPPLY VOLTAGE (V) 


FIGURE 13. DELAY TIME vs SUPPLY VOLTAGE 


PROPAGATION DELAY TIME (ns) 


0 0.1 0.2 
MINIMUM TRIGGER (PULSE) VOLTAGE (x V+) (NOTE) 


OUTPUT VOLTAGE - LOW STATE (V) 


NLL 


10 


SINK CURRENT (mA) 


a 
ae 
ime 
Z 
rd 
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ee 


100 


FIGURE 12. OUTPUT VOLTAGE LOW STATE vs SINK 
CURRENT 


NORMALIZED DELAY TIME 


TEMPERATURE (°C) 


FIGURE 14. DELAY TIME vs TEMPERATURE 


NOTE: Where x is the decimal multiplier of the supply voltage. 
FIGURE 15. PROPAGATION DELAY TIME vs TRIGGER VOLTAGE 
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BHARRIS CAT1391, CA1394 


November 1996 TV Horizontal Processors 
Features Description 
¢ CA1391E - Positive Horizontal Sawtooth Input The Harris CA1391E and CA1394E are monolithic 
integrated circuits designed for use in the low-level 
¢ CA1394E - Negative Horizontal Sawtooth Input horizontal section of monochrome or color television 


receivers. Functions include a phase detector, an oscillator, 


e internal Shunt Regulator ; 
a regulator, and a pre-driver. 


* Linear Balanced Phase Detector The CA1391E and CA1394E are electrically equivalent and 

° Preset Hold Control Capability pin compatible with industry types 1391 and 1394 in similar 
packages. 

© PP taco nner desdeentcsuneenuiyasd +300Hz (Typ) 


Ordering Information 


TEMP. 

RANGE (°C) 
0to85 |8LdPDIP 
Otoss5 |8LdPDIP 


e Low Thermal Frequency Drift 


Small Static Phase Error 


Variable Output Duty Cycle 


Adjustable DC Loop Gain 


Pinout Functional Diagram 
CA1391, CA1394 
(PDIP) face OSCILLATOR 
TOP VIEW OUTPUT V+ TIMING 
A 
OUT [1 8] Ratio 
osc 
GND [ 2) TIMING 
ont ops 
HORIZ ASE st 
DETECT 

in L4 ee MARK-SPACE ° 
RATIO an 
2 
<3 

I 
qo 
OO 

Ww 

Oo. 

HORIZONTAL OUTPUT = 

SAWTOOTH 
INPUT 
SYNC GROUND 
INPUT 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 981.3 
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CA1391, 


Absolute Maximum Ratings 


DC SUNG CU c.4-00:6 see eeen ae bengad ee tweawdenee’s 40mA 
DG CARO VONOG bietio 63.26 ee ee hRbeeeheeedewde dnewes 40V 
OS CO CAO occ oceen ec esas eases kien caweaaan 30mA 
Byte DUE VOUNRUG oa nxn re ekbis neeeeet enens ees s auews 5Vp_p 
Sawioom Inpul Vollage. 2.4 sccscecsvsevieessevsew esa 5Vp._p 
Operating Conditions 

Temperature Range ...............0..0e eee eeee 0°C to 85°C 


CA1394 


Thermal Information 


Thermal Resistance (Typical, Note 1) 8 ya (CCW) 
PU CORROG 62660 2a nt eres ee heonenem saan 120 
Maximum Junction Temperature (Plastic Package) ........ 150°C 


Maximum Storage Temperature Range 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications (See Figure 1) 


PARAMETER TEST CONDITIONS TEMP. (°C) | min | TYP | MAX | UNITS 


S1, S5, Sg = 2; So, Sg, S4, S7, Sg = 1 
Measure Terminal 6 to GND 


S14, Ss, S6 = 2; So, $3, S4, S7, Sg a 
Counter to Terminal 1 


Output Leakage So, $3, Sg, Sg = 1; $4, S4, S5, S7 = 2 
Measure Terminal 1 to 25V 


Output Saturation So, S3, S5, Sg, Sg = 1; Sq, S4, S7 = 2 
Measure Terminal 1 to GND 


Phase Detector Bias So, S5, Sg, Sg = 1; Sy, $3, S4, S7 = 2 25 1.9 
Measure Terminal 3 to GND 


Ss, Ss =1; S14, So, Ga, Sa S6; S7 =2 
Measure Terminal 5 to +4V 


$1, S5, Sg = 1; So, $3, $4, Sg, S7 = 2 
Measure Terminal 5 to +4V 


Si, Ss, Se, Sg = . So, S3, S4, S7 a 
Measure Terminal 5 to +4V 


Oscillator Hold In Range 


NOTE: 
2. Polarity reversed in the CA1391. 


Ft yt 
Ft ete 


3 


= 


_* 


se 
N 


= 
77) 


= 
N 


a 
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CA1391, CA1394 


Test Circuit 
+25V 6202 > +6V 


2002 
150 
1002 


1500 


1 2 1 3 1 2 
2.65kQ - 
= 56kQ = 
+6V 
FIGURE 1. DC TEST CIRCUIT 

Schematic Diagram 

1 1 ‘ 

; OSC. , 1 

PRE- , TIMING , V+ , PHASE 
DRIVER i ; REGULATOR Rat 1 DETECTOR 
Il I I 


i?) 

= 

PHASE 3 

MARK- DET. OUT cc 
CA1394E O 


SPECIAL ANALOG 


, (3) SYNC INPUT 


NOTE: All resistances are in ohms. 


CA1391, 


Application Information 


Circuit Operation (See Schematic Diagram) 


The CA1391 and CA1394 contain the oscillator, phase 
detector, and predriver sections necessary for the television 
horizontal oscillator and AFC loop. 


The oscillator is an RC type with Terminal 7 used to control the 
timing. If it is assumed that Q7 is initially off, then an external 
capacitor connected from Terminal 7 to ground charges through 
an external resistance connected between Terminals 6 and 7. As 
soon as the voltage at Terminal 7 exceeds the potential set at the 
base of Qg by resistors Rj 4 and Ry9, Q7 turns on, and Q¢ sup- 
plies base current to Qs and Qjo. Transistor Qs discharges the 
capacitor through Ry until the base bias of Q7 falls below that of 
Qg at which time, Q7 turns off, and the cycle repeats. 


The sawtooth generated at the base of Q4 appears across R3 
and turns off Q3 whenever the sawtooth voltage rises to a value 
that exceeds the bias set at Terminal 8. By adjusting the poten- 
tial at Terminal 8, the duty cycle at the pre-drive output (Termi- 
nal 1) may be changed. The phase detector is isolated from the 
remainder of the circuit by R31, Zo, Qy5 and Qyg. The phase 
detector consists of the comparator Qoo and Qoz3, and the 
gated current source Q1g. Negative going sync pulses at Ter- 
minal 3 turn off Q17, and the current division between Qoo and 
Qo is then determined by the phase relationship of the sync 
and the sawtooth waveform at Terminal 4, which is derived from 
the horizontal flyback pulse. If there is no phase difference 
between the sync and sawtooth, equal currents flow in the col- 
lectors of Qgo and Qo3 during each half of the sync pulse 
period. The current in Qoo is turned around by current mirror 


2.4kQ 


2702 


0.0027)1F 


iH 


CA1394 


Qa and Qo, so that there is no net output current at Terminal 5 
for balanced conditions. When a phase offset occurs, current 
flows either in or out of Terminal 5. In circuit applications, this 
terminal is connected to Terminal 7 through an external low 
pass filter, thereby controlling the oscillator. 


Shunt regulation for the circuit is obtained by using a Var 
and zener multiplier. Resistors R73 and R;4 multiply the Var 
of Q;4, and the ratio of Ry5 and Ry¢ multiplies the voltage of 
the zener diode 2}. 


Ta = 25°C 
FREE RUNNING FREQUENCY = 15734Hz 


VOLTAGE AT TERM. 8 (THROUGH 1kQ) 


POSITIVE PULSE WIDTH AT TERMINAL 1 (us) 


FIGURE 2. DUTY CYCLE AT THE PRE-DRIVE OUTPUT (TERMINAL 
1) AS IT IS AFFECTED BY THE INPUT AT TERMINAL 8 


; 220 
O.1pF | O4pF _L 


390kQ 3.9kQ 


FIGURE 3. TYPICAL CIRCUIT APPLICATION 
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w Anne CA2111A 


FM IF Amplifier-Limiter 
November 1996 and Quadrature Detector 


Features Description 


Input Limiting Voltage At 10.7MHz The CA2111A provides a multistage wideband amplifier- 

sa limiter, a quadrature detector, and an emitter-follower output 
UE RE) eae ee stage. This device is designed for use in FM receivers and in 
Typical AM Rejection At 10.7MHz the sound IF sections of TV receivers. In addition, an output 
aie . , terminal is provided which allows the use of the amplifier- 
Provision for Output from 3-Stage IF Amplifier Section ji niter as a straight 60dB wideband amplifier. 
Low Harmonic Distortion The amplifier-limiter features the excellent limiting character- 
Quadrature Detection Permits Simplified Single-Coil istic of 3 cascaded differential amplifiers. The quadrature 
Tuning detector requires only one coil in the associated outboard 


circuit and therefore, tuning is a simple procedure. 
Extremely Low AFC Voltage Drift Over Full Operating 
Temperature Range A unique feature of the CA2111A is its exceptionally low 


AFC voltage drift over the full operating-temperature range. 
Minimum Number of External Components Required 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) PACKAGE 


Applications 
¢ FM IF Sound 


© TV Sound IF CA2111AE -40to85 |14Ld PDIP E14.3 


Pinout Block Diagram 


CA2111A 
(PDIP) 
TOP VIEW 


AUDIO OUT | 1| 14] DE-EMPHASIS 


REF BIAS | 2| 
AMPLIFIER- 


H2] QUADRATURE INPUT LIMITER 


Va 
QUADRATURE 
1] QUADRATURE IN BUF > GaneaTUe 
DC FB BYPASS [5 0] HIGH IF OUTPUT 


INPUT BYPASS | 6| 19 | LOW IF OUTPUT 


SPECIAL ANALOG 
CIRCUITS 


0.003nF =k 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 61 2.1 
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CA2111A 


Absolute Maximum Ratings Ta = 25°C Thermal Information 
Supply Votage (V+ WV) occ eecesccsnenacdecuseevasevss 16V Thermal Resistance (Typical, Note 1) 8 ya (°C/W) 
POP POOUAG sco ikas cea) de wesmenenewess a> 150 
Operating Conditions Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Temperature Range ............. 2.00.0 e eee eee -40°C to 85°C 6 
Supply Voltage Range (Typical)..............0000-. BV to 12V Maximum Lead Temperature (Soldering 10s)............. 300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. 8ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications T, = 25°C Unless Otherwise Specified 


[—ranaweren [evweor | restcowommons ‘|__| ve | Wax | UNITS 

ZL CE BE DO CO 

Supply Current, Pin 13 
O= 


fo = 10.7MHz 
De-emphasis Resistance 


DYNAMIC CHARACTERISTICS fo = 10.7MHz, Af = +75kHz, V+ = 8V, FM Modulation Frequency = 400Hz, Source Resistance = 502 


rewtimiaTrenoavenee [van [i 
GR 
; ss 


< 


x 
+e) 


Amplifier Input Resistance RA 
Amplifier Input Capacitance 
Detector Input Resistance p Pia | 


oo 


7 


Detector Input Capacitance 
Amplifier Output Resistance 


no 


cs 
es 
a 
a 
a 
a 
= 
fe 
e 
[ae 
es 


Vi 
Detector Recovered Audio Output Vo\AF) V; = 10MV_amws 
Total Harmonic Distortion V, = 10MV_ms 


AM Rejection V, = 10MV_ms, 100% FM, 30% AM L = 


A 
| 
Detector Recovered Audio Output V,; = 10MV_ams 
Total Harmonic Distortion | THD V; = 10MVams 


Input Limiting Threshold Voltage Vi(LIM) | = | 
AM Rejection V; = 10MVams, 100% FM, 30% AM = 
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CA2111A 


Electrical Specifications T, = 25°C Unless Otherwise Specified (Continued) 


[ranaweren—[evweox | resrconmons [ww [vr [ wax [ wwe 
a TN 
Berroa Ra Ga | own, [Wevonvme | =| om || vw 
Faarameneonoen [me [Weronvme fe | | 


DYNAMIC CHARACTERISTICS fo =5.5MHz, Af = +50kHz, V+ = 12V, FM Modulation Frequency = 400Hz, Source Resistance = 50Q 


V+ Cy DETECTOR 
“2 Lae TRANSFER 
O1uF | NOTE COMPONENT VALUES CHARACTERISTICS 
ele 0-43 


= @ F f [ty] ec, | Ry Co | Cs | UPPER | LOWER 
Bel Nihal aol (3) PEAK PEAK 
j eon oe [om] or [oF | 
nr [ss [ve] aa] a [of 8 foo 
(7) AC VTVM 
[ss [= [ro] a [sof 3 Joos 
7] fof se[m] «7 [oo 


© = 
as 
> \ 
om 

Ee ©& 
Las 


DISTORTION 
ANALYZER 


NOTE: Input to the quadrature coil can be from either terminal 9 or 
terminal 10. Terminal 9 is normally used because it lessens the 
possibility of overloads during tuning. The use of terminal 10 
increases the limiting sensitivity significantly and has been used 
successfully in these tests. 


SPECIAL ANALOG 
CIRCUITS 


CA2111A 


Schematic Diagram 


60 


Ta = 25°C 


Ve = 12V as REF. SIGNAL INPUT (TERM. 10) 


100% FM, 30% AM 
50 | fo = 4.5MHz 


INPUT SIGNAL VOLTAGE (Vj) (mVaus) 


FIGURE 2. AM REJECTION vs INPUT VOLTAGE (AT 4.5MHz) 


NX Loe TL 


o ae 

iS) 

= 40 | | ty 

o 

5 

— 

Wt 30 r 
= 

° tia ee 


- 

Pot tt tT ty 

pot tty Et 
1 10 
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AM REJECTION (dB) 


60 


oes 
As —-—4 | 2+ 
mn AAnN lt x | 
WA] NAAN TAT 
All |A ti Ihe 


REF. SIGNAL INPUT (TERM. 9) 


Ta = 25°C 
V+=12V 
100% FM, 30% AM 
50 | fo = 5.5MHz 


40 


INPUT VOLTAGE (V;) (MVpys) 


FIGURE 3. AM REJECTION vs INPUT VOLTAGE (AT 5.5MHz) 


CA2111A 


Typical Performance Curves (continued) 


AM REJECTION (dB) 


: 
: 
NCE 
SST 
oN 
TTR 
Tt 
TT 
TT 
a 


INPUT VOLTAGE (Vj) (mVays) 


FIGURE 4. AM REJECTION vs INPUT VOLTAGE (AT 10.7MHz) 


Ta = 25°C, V+ = 12V 
1.2 F fg = 5.5MHz 
Af = +50kHz 


DETECTED AUDIO OUTPUT 
VOLTAGE (Vo) (Vrms) 
So 


| 1 
INPUT VOLTAGE (Vj) (mVraas) 


FIGURE 6. DETECTED AUDIO OUTPUT vs INPUT VOLTAGE 


(AT 5.5MHz) 

3.8 
= 
> 
ct 
q 3.7 
ar 
re) 
> 
oO 
ire 
< 

3.6 

-50 -25 0 25 50 75 100 
TEMPERATURE (°C) 


FIGURE 8. AFC VOLTAGE vs AMBIENT TEMPERATURE 


ta=asec,vestev | || {| | | | 


0.9 F 5 = 4.5MHz 


Af =+25kHz 
5 _ 0.8 
5 207 
en 
> 
Oo = 06 
Oo Oo fi 
22 05 
a8 tt 
a 0.4 
ee 
b> LILY 
0.1 A 
0 
0.1 1 10 


INPUT VOLTAGE (Vj) (mVams) 


FIGURE 5. DETECTED AUDIO OUTPUT vs INPUT VOLTAGE 
(4.5MHz) 


INPUT CARRIER = 1mV | || Ld alll 
12V 


Ta = 25°C wi SUPPLY VOLTAGE (V+) = 
ay 


-, {scam 
_ 

© > 109 AWA 

o = me ey a’ a 
5 Ss IY A | Ill 
<i 7 
55 

w O 

- > 

W 

Q 


0.01 0.1 1 10 100 
INPUT SIGNAL VOLTAGE (Vj) (mVpms) 


FIGURE 7. DETECTED AUDIO OUTPUT VOLTAGE vs INPUT 
VOLTAGE (AT 10.7MHz) 


SIGNAL-TO-NOISE RATIO (dB) 


INPUT VOLTAGE (Vj) (mVpmus) 


FIGURE 9. SIGNAL-TO-NOISE RATIO vs INPUT VOLTAGE 
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CA3012 


FM IF Wideband Amplifier 


Features 


e Exceptionally High Amplifier Gain 
- Power Gain at 4.5MHZ ..........00ceeenaes 75dB 


¢ Excellent Input Limiting Characteristics 
- Limiting Voltage (Knee) at 10.7MHz .. . . 600. V (Typ) 


e Wide Frequency Capability: 
- Bandwidth.............e0e0ees 100kHz to 20MHz 
Applications 
e FM IF Amplifiers 
¢ FM Communication Receivers 


¢ TV IF Amplifiers 


Description 


The CA3012 is an FM IF wideband amplifier with 3 limiter 
gain stages in a bipolar monolithic technology. The pin 1 
input is an open base and has a separate feedback bias. 
The feedback bias pin, DC FB BYPASS, is externally 
bypassed and provides the means for a tuned coil input to 
the IF IN pin. The output is a high impedance open collector 
which may be matched to a tuned transformer, driving an FM 
detector. Internal regulation circuits provide DC bias to the 
gain stages and DC feedback circuit. 


The CA3012 is intended for FM limiting applications requiring | 
high gain. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


CA3012 -55 to 125 |10Ld Metal Can T10.C 


Pinout Schematic Diagram 
CA3012 10 
(METAL CAN) Voc 
TOP VIEW 
5 
1 
OUTPUT 
+ Internal connection, do not use. 
2 
3 4 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 2 8 1 
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CA3012 


Absolute Maximum Ratings Ta = 25°C Thermal Information 

Maximum Supply Voltage Vcc, Pin10................008. 10V Thermal Resistance (Typical, Note 1) Oya (CCIW) § 8yo (PCW) 

Maximum Output Voltage, Pin5............. 0.2... eee eee 13V Metal Can Package............... 175 100 

Maximum Input Signal Voltage between Pin 1 and Pin2..... +3VV Maximum Junction Temperature ..................00085 {75°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 

Operating Conditions Maximum Lead Temperature (Soldering 10s)............ 300°C 

Temperature Range ............... cee eens -55°C to 125°C 

Supply Voltage Range (Typical)................... 5.5V to 10V 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. @yq is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications 


TEST CONDITIONS 
SETUP AND DC SUPPLY 
PROCEDURE | FREQUENCY; VOLTAGE | TEMP 
PARAMETER SYMBOL alan Vec (V) (°C) TYP UNITS 


Total Device Dissipation (Note 2) | -65 | 66 | 80 | 135 | mw 
Tas [66 [90 [at | mn 
Pies [es [70 [vat [ mw 


35 [a7 | 190 | 190 | mw 
Tes [ a7 | 20 | a67 [ow 
Tas | 95 [100 [167 [mw 
Ts [so | 210 | 275 | mw 
25150 | 190_| 255 | mw 
Tas [160 | 160_| 255 | mw 


Voltage Gain (Note 3) 


Pesfeopea] | «3 


$5 | 55 | so | - | 3 | 
25 | es | 70 | - | oe 
125 | ss | 65 | - | ce 
55 | 55 | oi | - | 8 | 


Input Impedance Components 
Parallel Input Resistance 


Parallel Input Capacitance 


Output Impedance Components 
Parallel Output Resistance 


Parallel Output Capacitance 


Input Limiting Voltage (Knee) 


NOTES: 
2. The total current drain may be determined by dividing Py by Vcc. 


3. Recommended minimum DC supply voltage (Vcc) is 5.5V. Nominal load current flowing into terminal 5 is 1.5mA at 7.5V. 


SPECIAL ANALOG 


CIRCUITS 


CA3012 


Typical Performance Curves and Test Setups 


250 
>| i 
£ 200 Ee 
& 
+Vcc fe) 

< 150 
2 = 
Qa 
© 100 -_ 
S GC 
Ww 
: = 
2 50 
Pe 

0 

75 

TEMPERATURE (°C) 
FIGURE 1. DISSIPATION TEST SETUP FIGURE 2. DISSIPATION vs TEMPERATURE 


Procedures 


A. Voltage Gain 
1.Set input frequency at desired value, V; = 100uUVRys 
2. Record Vo 
3. Calculate Voltage Gain A from A = 20 logy Vo/V; 


4. Repeat steps 1, 2 and 3 for each frequency and/or for 
temperature desired 


SIGNAL 
SOURCE 
Rg = 502 


B. Input Limiting Voltage (Knee) 
1.Repeat steps A1 and A2, using V; = 100mV 


2. Decrease V; to the level at which Vo is 3dB below its 
value for V; = 100mV 


3. Record V; as Input Limiting Voltage (Knee) 
FIGURE 3. VOLTAGE GAIN TEST SETUP 


600 
| Voc = 7.5, f = 1MHz, Rg = 50, Ry = 1kQ Ta = 25°C, Vec = 7.5, Rg = 500, Ry = 1kQ ly 
500 > a Ss 
fea tll NIM lag 
ws VOLTAGE GAIN _— WW 
Fs aN Cee 400 < = ~\ df g 
z NF Sor 5 : 
© “i A“Ii™s >= 6 \ f > 
o W wee 4 o > 
E = 
= =s & = 
3 ; 20 5 z 
> bee > = 
et ae a 2 
100 Z < 
50 0 
75 -50 -25 0 25 50 75 100 125 150 
TEMPERATURE (°C) FREQUENCY (MHz) 
FIGURE 4. VOLTAGE GAIN AND INPUT LIMITING VOLTAGE FIGURE 5. VOLTAGE GAIN AND INPUT LIMITING VOLTAGE vs 
vs TEMPERATURE FREQUENCY 
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CA3012 


Typical Performance Curves and Test Setups (Continued) 


+Vcc 


PARALLEL INPUT CAPACITANCE (pF) 
PARALLEL INPUT RESISTANCE (k2) 


FREQUENCY (MHz) 


FIGURE 6. INPUT IMPEDANCE TEST SETUP FIGURE 7. INPUT IMPEDANCE vs FREQUENCY 


PARALLEL OUTPUT CAPACITANCE (pF) 
PARALLEL OUTPUT RESISTANCE (kQ2) 


FREQUENCY (MHz) 


(©) 
FIGURE 8. OUTPUT IMPEDANCE TEST SETUP FIGURE 9. OUTPUT IMPEDANCE vs FREQUENCY ° - 
SF 
ep 
V = 
+VCC < cs 
© O 
uJ 
fae 
~Y 


4.5MHz 
NOISE SOURCE 


NOISE FIGURE (dB) 


= _~—iOLy = 82H, CENTER TAPPED 
Lo = 2.36n.H 
C1, Cp = ARCO TYPE 423 PADDER, OR EQUIVALENT DC SUPPLY VOLTS (Vcc) 


FIGURE 10. FIGURE 11. NOISE FIGURE vs DC SUPPLY VOLTAGE 
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CA3012 


Typical Application 


+Vcoc 


10.88MHz -108MHz 
TUNER 


10.7MHz 
SELECTIVITY 


FM AF 
DETECTOR AMPLIFIER 


SPEAKER 


FIGURE 12. BLOCK DIAGRAM OF TYPICAL FM RECEIVER USING THE CA3012 INTEGRATED CIRCUIT WIDEBAND AMPLIFIER 
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CA3088E 


AM Receiver Subsystem and 
General-Purpose Amplifier Array 


uD 


November 1996 


Features 

e Excellent Overload Characteristics 

¢ AGC for IF Amplifier 

¢ Buffered Output Signal for Tuning Meter 

e Internal Zener Diode Provides Voltage Regulation 
¢ Two IF Amplifier Stages 

e Low-Noise Converter and First IF Amplifier 

¢ Low Harmonic Distortion (THD) 

Delayed AGC for RF Amplifier 


¢ Terminals for Optional Inclusion of Tone Control 


Operates from Wide Range of Power Supplies: 
V+ = 6V to 16V 


Optional AC and/or DC Feedback on Wide-Band 
Amplifier 


¢ Array of Amplifiers for General-Purpose Applications 


Suitable for Use With Optional External RF Stage, 
Either MOS or Bipolar 


Related at: 
- Refer to AN6022 for Application Note Information 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


CA3088E -40to85 |16Ld PDIP E16.3 


Description 


The CA3088E, a monolithic integrated circuit, is an AM sub- 
system that provides the converter, IF amplifier, detector, 
and audio preamplifier stages for an AM receiver. 


The CA3088E also provides internal AGC for the first IF 
amplifier stage, delayed AGC for an optional external RF 
amplifier, a buffer stage to drive a tuning meter, and termi- 
nals facilitating the optional use of a tone control. 


Figure 2 is a functional diagram of the CA3088E. The signal 
from the low-noise converter is applied to the first IF ampli- 
fier and is then coupled to the second IF amplifier. This IF 
signal is then detected and externally filtered. The resultant 
audio signal is applied to an audio preamplifier. Optionally, a 
tone control circuit may be connected at the junction of the 
detector circuit and the audio preamplifier. The gain of the 
first IF amplifier stage is controlled by an internal AGC cir- 
cuit. The CA3088E supplies a delayed AGC signal output for 
use with an external RF amplifier. A buffered output signal is 
also available for driving a tuning meter. A DC voltage, inter- 
nally regulated by a Zener diode, supplies the second IF 
amplifier, the AGC and tuning meter circuits and may also be 
used with any other stage. 


The CA3088E features four independent transistor amplifi- 
ers, each incorporating internal biasing for temperature 
tracking. These amplifiers are particularly useful in general- 
purpose amplifier, oscillator, and detector applications in a 
wide variety of equipment designs. 


O 

= 
SFE 
q> 
i — O 
Pinout <x 
OO 

CA3088E 

(PDIP) ” 

TOP VIEW 


CONV. BYPASS [71] 
CONV. IN [2] 
CONV. OuT [3] 
1ST IF IN [4] 

GNp [5 

1ST IF OUT [6] 
2ND IF FB 

2ND IF IN [8] 


16] AUDIO V+ 

15] AUDIO OUT 

44] AUDIO IN 

43] RF AGC 
TUNING METER 
11] AGC FILTER 

10] 2ND IF V+ 

19] DET. OUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 8-23 


File Number 560.1 


CA3088E 


Absolute Maximum Ratings Ta = 25°C 


Thermal Information 


Supply Voltage Thermal Resistance (Typical, Note 1) Oya (CCW) 
(Across Term. 5 and Terms. 3, 6, 13, 16, Respectively) ..... 16V POM PaGhGG6 s civcvcusekaccdaseteevens sens 110 

Output Current . Maximum Junction Temperature (Plastic Package) ....... 150°C 
Terminals 3, 6, 13, 16, (Respectively)..............--. 10mA Maximum Storage Temperature Range ......... -65°C to 150°C 
TetmMial 10 6 vcccccekceew rev abeedaaeecev eu euee ews 30mA Maximum Lead Temperature (Soldering 10s) yas sleiads esteoe eate S 300°C 

Operating Conditions 

Temperature Range ...............0ee cece eee -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage io the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8a is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications T, = 25°C, V+ = 12V 


PARAMETER 


DC CHARACTERISTICS 


SYMBOL TEST CONDITIONS 


Voltage (Figure 1) 


V1, V4, Vg, Vi44«| Terminals 1, 4, 9, 11 


Terminal 15 


_ 
on 


Current (Figure 1) Terminal 3 


wo 


Terminal 6 
Terminal 10 


Terminal 13 


aks 
w 


146 Terminal 16 


DYNAMIC CHARACTERISTICS 


Detector Output (Figure 2) 
Audio Amplifier Gain (Figure 2) AaF 
Audio Distortion (Figure 2) 


Sensitivity 
(fin = 1MHz, Signal-to-Noise Ratio 
(S/N) = 20dB)) 


30% Modulation 
f= 1kHz 
Vout = 100mV 


At Converter Stage Input (Figure 2) 


At RF Stage Input (Figure 2) 


S 
N 
|< 


Terminals 2, 7, 8 1 
Vi2 Terminal 12 


3.5 
0.35 


0 


3 
> 


20 


3 


_ 
ine) 


NS 
oa 


mVRMS 


ak 
> 


i=) 
ine) 


200 uV/m 


100 uV/m 


as i153 


w 
So 
3 


Total Harmonic Distortion (Figure 2) | THD 30% Modulation % 
Input Resistance At Transistor Q, 3500 
(No AGC, fix = 1MHz) 

At Transistor Qs 2000 
Input Capacitance Cin At Transistor Q, 
(No AGC, fix = 1MHz) 
Feedback Capacitance Crp At Transistor Q, 
(No AGC, fix, = 1MHz) 
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CA3088E 


V+=12V 


CA3088E 


oe 2 ea 9 


33022 


200 100 150 
0 V+=9V 
0.05yF 0 O5uF AR 
osc. = 
TUNING = 0.02 2000 
10 
3) @ 
a & 
a r) 
a — | 
ie (9) = 
é iF § TO DETECTOR 25 
© CONVERTER AMPLIFIER § FILTER AND AUDIO 
TO RF STAGE e § (OPTIONAL TONE 
OF ANTENNA ) s CONTROL MAY BE 
i s SHUNTED FROM 
P 5 TERMINAL 9 
, s TO GROUND) = 
a ry 4 
: ¢ ll 
© CA3088E E qt > 
i 1 6D TO TUNING ) i @ 
a s METER qo 
| r] se O rs) 
i r] Ww 
% FROM im 
wo DETECTOR 
0.01 r : FILTER 
AGC = 
TO RF « 63) C| < | 
AMPLIFIER 


SUBSTRATE (1 1) 
5 


) 
bi 


NOTE: Resistance values are in Q. Capacitance values in uF, except as noted. 


FIGURE 2. FUNCTIONAL BLOCK DIAGRAM OF THE CA3088E 
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CONVERTER 
INDGY Bivees —-1STIF AMPLIFIER 2ND = 
CONVERTER 
Sieur (3) (1) (4) (© (8) INPUT 
CONVERTER 
INPUT 
(2) Q; 
6) DETECTOR 
Ro OUTPUT 
2K O SECOND IF 
FEEDBACK 
(16) V+ 
Ry Rig 
6.8K 6K 200 
Q2 Q14 
AUDIO 
05) OUTPUT 
R, 
700 
Q43 
ALL RESISTANCE 
VALUES ARE IN 
D3 OHMS 
D4 R17 
oe : 
TO AUDIO INPUT 
(5) suspstrateE 43 accoutput @)q (2 TUNING (4) FROM DETECTOR FILTER 
FOR OPTIONAL AGC METER 
RF STAGE 


oo —. FILTER 


FIGURE 3. SCHEMATIC DIAGRAM OF THE CA3088E 
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Features 


e For FM IF Amplifier Applications in High-Fidelity, 
Automotive, and Communications Receivers 


e Includes: IF Amplifier, Quadrature Detector, AF 
Preamplifier, and Specific Circuits for AGC, AFC, Muting 
(Squelch), and Tuning Meter 


Exceptional Limiting Sensitivity 


A <G06 POM sc cee kes sree ive ndes wow ads 12uV (Typ) 
e Low Distortion: 

(with Double-Tuned Coil)................ 0.1% (Typ) 
¢ Single-Coil Tuning Capability 
¢ High Recovered Audio................ 400mV (Typ) 
¢ Provides Specific Signal for Control of Interchannel 

Muting (Squelch) 


Provides Specific Signal for Direct Drive of a Tuning 
Meter 


Provides Delayed AGC Voltage for RF Amplifier 
Provides a Specific Circuit for Flexible AFC 


Internal Supply-Voltage Regulators 
Ordering Information 


PART NUMBER TEMP. 
(BRAND) RANGE (°C) 
CA3089E -40to85 |16Ld PDIP E16.3 


CA3089M1 -40to85 |20LdSOIC M20.3 
(3089M) 


CA3089 


FM IF System 


Description 


Harris CA3089 is a monolithic integrated circuit that provides 
all the functions of a comprehensive FM-IF system. The 
block diagram shows the CA3089 features, which include a 
three-stage FM-IF amplifier/imiter configuration with level 
detectors for each stage, a doubly-balanced quadrature FM 
detector and an audio amplifier that features the optional use 
of a muting (squelch) circuit. 


The advanced circuit design of the IF system includes desir- 
able deluxe features such as delayed AGC for the RF tuner, 
and AFC drive circuit, and an output signal to drive a tuning 
meter and/or provide stereo switching logic. In addition, inter- 
nal power supply regulators maintain a nearly constant cur- 
rent drain over the voltage supply range of +8.5V to +16V. 


The CA30839 is ideal for high-fidelity operation. Distortion in a 
CA3089 FM-IF System is primarily a function of the phase 
linearity characteristic of the outboard detector coil. 


Pinout 


CA3089 
(PDIP) 
TOP VIEW 


6] NC 

15] DELAYED AGC 

14] SUBSTRATE (GND) 
13] TUNING METER OUT 
12] MUTE LOGIC 


IF IN [1 


INPUT BYPASS | 2| 
DC FB BYPASS | 3| 
FRAME GND | 4| 
MUTE CONTROL | 5, 


AUDIO OuT [6 11] V+ 
AFC OUT 10] REF BIAS 
iF Out [8] r9] QUADRATURE INPUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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CA3089 
(SOIC) 
TOP VIEW 


GND [7 20] GND 
IF IN [2 49] DELAYED AGC 
INPUT BYPASS [3] 78] GND 


DC FB BYPASS | 4} SUBSTRATE (GND) 
FRAME GND | 5) 116] TUNING METER OUT 


MUTE CONTROL | 6| 
AUDIO OUT 

AFC OUT | 8| 

IF OUT | 9} 

GND |10 


15] MUTE LOGIC 

14] V+ 

13] REF BIAS 

112] QUADRATURE INPUT 


17] NC 


561.3 
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CA3089 


Absolute Maximum Ratings 


Supply Voltage 
Between V+ and Frame GND...................00000. 16V 
Between V+ and Substrate GND ...................... 16V 
DC Current (Out of Delayed AGC)..................0005. 2mA 


Operating Conditions 


Temperature Range .................0020000. -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) By (CCW) 
PUP PANO 6686 6 skh Uek O Kb eee Ge aeaeen es 90 
SWIG PAGMAQG.4.6 60s eadenansdvnsd eae siz wane 80 

Maximum Junction Temperature (Plastic Package) ........ 150°C 

Maximum Storage Temperature Range ......... -65°C to 150°C 

Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. Oya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications V+ = 12V (See Figures 3 and 4) 


DC CHARACTERISTICS 


DC Voltages 


Terminal 1 (IF Input) 


Terminal 2 (AC Return to Input) 


Terminal 3 (DC Bias to Input) 


Terminal 6 (Audio Output) 


Terminal 10 (DC Reference) 
DYNAMIC CHARACTERISTICS 


AM Rejection (Terminal 6), AMR Vin = 0.1V, 


Recovered AF Voltage (Terminal 6) Vo (AF) 


Total Harmonic 
Distortion, THD 
(Note 2) 


NOTES: 


(NOTE 3) TEMP. 
PARAMETER TEST CONDITIONS (°C) TYP UNITS 


Quiescent Circuit Current No signal input, Non muted 


Input Limiting Voltage (-3dB point), V4 (lim) |e | 


AM Mod. = 30% 


Vin = 0.1V 
Single Tuned (Terminal 6) 
Double Tuned (Terminal 6) 
Signal Plus Noise to Noise Ratio (Terminal 6) 


2s [so [se] oo] v_ 
2s [sof ss [oo] v_ 


re] -[els lw 


fo = 10.7MHz, 
fuop = 400Hz, 
Deviation = +75kHz 


2. THD characteristics are essentially a function of the phase characteristics of the network connected between Terminals 8, 9, and 10. 


3. Terminal numbers refer to 16 Lead PDIP. 


Application Information 


V+ = 12V, Ta 25°C 


CURRENT INTO TERMINAL 7 (1A) 


CHANGE IN FREQUENCY (kHz) 


FIGURE 1. AFC CHARACTERISTICS (CURRENT AT TERMINAL 
7) vs CHANGE IN FREQUENCY. (SEE TEST CIRCUIT 
FIGURE 3.) 


RECOVERED AUDIO FROM FULL OUTPUT 
(LEFT COORDINATE) 


= 
oe) 


30 


RECOVERED AUDIO (dB) MUTING CONTROL 
AT MAXIMUM RESISTANCE 


1 10 100 1K 
INPUT SIGNAL (1) 


10K 100K 


FIGURE 2. MUTING ACTION, TUNER AGC, AND TUNING 
METER OUTPUT vs INPUT SIGNAL VOLTAGE. (SEE 
TEST CIRCUIT FIGURE 3.) 
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Test Circuits 


V+ = 12V 
Ly <—! T (NOTE 8) 
V+ = 12V 1 1 
ee —_OCE: 
SIGNAL 0.0F asi 7 
INPUT () a 
VOLTAGE SIGNAL 0.01,F 
oo INPUT (6) 
~ VOLTAGE 
(3) AFC OUTPUT 
0.01 = 2.7K AUDIO 
0.02 a Q OUT 
UF 0.01 
Te - te 
uae “a 
(a) = 
120K Sanaa 
TUNING METER osm 
— set 150A 
pipes FULL = 
TUNING METER J scate 
NOTES: NOTES: ~ 
4. All resistance values are in ohms. 7. All resistance values are in ohms. 
5. L tunes with 100pF (C) at 10.7MHz. 8. Ly PRI. - Qo (unloaded) = 75 (tunes with 100pF (C1) 20T of 34e on 
6. Qo (unloaded) = 75 (G.1. Automatic Mfg. Div. EX22741 or equivalent). /39” dia. form). 
9. SEC. - Qo (unloaded) = 75 (tunes with 100pF (C2) 20T of 34e on 
"ap" dia. form). 
10. kQ (percent of critical coupling) = 70%. 
(Adjusted for coil voltage Vc) = 150mV. 
Above values permit proper operation of mute (squelch) circuit “E” 
type slugs, spacing 4mm. 
FIGURE 3. TEST CIRCUIT FOR CA3089E USING A SINGLE- FIGURE 4. TEST CIRCUIT FOR CA3089E USING A DOUBLE- 


TUNED DETECTOR COIL TUNED DETECTOR COIL 


Typical Applications 


L (NOTE 14) 


Bm ew oe oe A 


SPECIAL ANALOG 
CIRCUITS 


3002 
INPUT 


NOTES: 
11. All resistance values are in ohms. 
12. Waller 4SN3FIC or equivalent. 

13. Murata SFG 10.7mA or equivalent. 


14. Ltunes with 100pF (C) at 10.7MHz Qo unloaded = 75 Performance Data at fo = 98MHz, fyop = 400Hz, Deviation = +75kHz: 
(G.I. EX22741 or equivalent). -3dB Limiting Sensitivity.................. 2uV (Antenna Level) 
20dB Quieting Sensitivity................. 1uV (Antenna Level) 
30dB Quieting Sensitivity................ 1.5uV (Antenna Level) 


FIGURE 5. TYPICAL FM TUNER USING THE CA3089E WITH A SINGLE TUNED DETECTOR COIL 
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Typical Applications (continued) 


FIGURE 6A. BOTTOM VIEW OF PRINTED CIRCUIT BOARD FIGURE 6B. COMPONENT SIDE - TOP VIEW 


FIGURE 6. ACTUAL SIZE PHOTOGRAPHS OF THE CA3089E AND OUTBOARD COMPONENTS MOUNTED ON A PRINTED-CIRCUIT BOARD 


Block Diagram 
Saviciciiy 
1 > I 
QUADRATURE __ , 
INPUT |, , 
V+ 22uH i i 
5 I 
i] 
TO INTERNAL IF : 7 REFERENCE 
REGULATORS @ OUT a (10) BIAS 


IF 
INPUT jm OUTPUT 
! QUADRATURE 


ole eee 
OUTPUT 
o 


0.02 0.02uF AUDIO MUTING 
HF : (2) MUTE SENSITIVITY 
a (SQUELCh) 
DELAYED ~~ 
AGC FOR : 
RF AMPL 
TUNING 120K 
METER 
10K FRAME SUBSTRATE CIRCUIT 0.33uF T 500K 
METER THRESHOLD 
33K TUNING METER OUTPUT LOGIC CIRCUITS 
NOTES: 


15. All resistance values are in ohms. 

16. L Tunes with 100pF (C) at 10.7MHz. 
17. Qo = 75 (G.I. EX22741 or equivalent). 
18. Pin numbers refer to 16 lead DIP. 
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Schematic Diagram 


IF AMPLIFIER 


INPUT 
SEE 
@) NEXT 
PAGE 
INPUT 
BYPASSING 


SPECIAL ANALOG 
CIRCUITS 


AGC FOR TUNING 
RF AMPL. METER 


NOTE: Pin numbers refer to 16 lead PDIP. 


LEVEL DETECTOR AND METER CIRCUIT 
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Schematic Diagram (Continued) 


QUADRATURE REF IF 
INPUT BIAS @ (8) OUT 


ee eee ee 
DETECTOR a ee AUDIO 
OA") OF 


(5) 
MUTE 
CONTROL 
AFC 
OUTPUT 
R47 Rag 
500 500 
AFC AMPLIFIER 
v, ¥ 
° FRAME (4) SUBSTRATE 
= V 
10 NOTES: 
19. All resistance values are in ohms. 
V aus 20. All capacitance values are in pF. 
21. Pin numbers refer to 16 lead PDIP. 
MUTE DRIVE 
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a HARRIS CA3126 


November 1996 TV Chroma Processor 


Features Description 


e Phase Locked Subcarrier Regeneration Utilizes The Harris CA3126 is a monolithic silicon integrated circuit 
Sample-and-Hold Techniques designed for TV chroma processing and is ideally suited for 
NTSC color graphic applications that require subcarrier 


Automatic Chrominance Control (ACC)/Killer Detector regeneration of the color burst signal. 


Employs Sample-and-Hold Techniques 


Supplementary ACC with an Overload Detector to Ordering Information 
Prevent Oversaturation of this Picture Tube 


: ' , TEMP. 
Sinusoidal Subcarrier Output PART NUMBER | RANGE (°C) | on 1 oe 


Keyed Chroma Output CA3126E 16 Ld PDIP E16.3 
Emitter Follower Buffered Outputs for Low Output CA3126M1 90 Ld SOIC M20.3 
impedance 


Linear DC Saturation Control 


Applications 

¢ TV/CATV Receiver Circuits 

¢ NTSC Color Decoder/Processor 

¢ Computer Graphics Subcarrier Regenerator 
¢ Timing Reference for Frame Grabbers 


e DSP Clock Timing Reference Source 


Pinouts 
CA3126 CA3126 

(PDIP) (SOIC) ) 

TOP VIEW TOP VIEW ° 
”n 
SE 
<> 
CHROMA IN [1 16 ] CHROMA GAIN CONT. CHROMA IN | 1, 20 | CHROMA GAIN CONT. a © 
a ee 

Ww 

: QO. 

AFPC FILTER - | 3 | 14 | ZENER REF = 


AFPC FILTER - [ 4| ZENER REF 


RF BYPASS | 4. 13 | OVERLOAD DET. 
RF BYPASS | 5 116 | OVERLOAD DET. 


CARRIER OUT | 8 | 9 | HORIZ. KEY IN 


12] HORIZ. KEY IN 
CARRIER OUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 860. 4 
Copyright © Harris Corporation 1996 8-33 
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Absolute Maximum Ratings 


DC Supply Voltage (V+ to GND) (Note 1)................. 13.2V 
DC Current: 
ie VE Pl gc cacacakenecucewne Geneve oo aneseresns 38mA 
Into Zener Reference Pin ............... 002 cee eee eee 20mA 


DC Voltage (Horizontal Key In) 


NOOHIVG FIGUNG .. cossccscrsecdsecanscxsstesvwnends -5V 
PUGUNe FINE o wine che sched cadtaaneannn dade eaanes 3V 
Operating Conditions 
Temperature Range ............. 0c cece eee eee -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) Ba (°C/W) 


POMP PACGHGG icin coed ees sed cnneenee sagen 100 
SOIC PAOGG sc cscs kexeged ena eee eenanes 85 
Maximum Junction Temperature (Plastic Packages) ....... 150°C 
Maximum Storage Temperature Range 
Maximum Lead Temperature (Soldering 10s)............. 300°C 
(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. This rating does not apply when using the internal zener reference in conjunction with an external pass transistor. 
2. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications —T, = 25°C, Chroma Gain Control at maximum position for all tests except as noted. Electrical 
specifications referenced to test circuit. 


TERMINAL, 
MEASUREMENT 


PARAMETER AND SYMBOL 


DC ELECTRICAL SPECIFICATIONS 
Voltage Regulator Vi2 


Supply Current 2 


SWITCHING ELECTRICAL SPECIFICATIONS (Note 3) 
Pull-iln Range (Note 4) 
Oscillator Output 


100% Chroma Output 


Overload Detector 


Minimum Chroma Output 
(Note 5) 


200% Chroma Output 


20% Chroma Output 


Kill Level 


NOTES: 


SWITCH POS. 


3. Except for pull-in range testing, tune oscillator trimmer capacitor for free running frequency of 3.579545MHz +10Hz. 
4. Set Switch 1 to Position 2, detune oscillator +250Hz, set Switch 1 to Position 1, and check for oscillator pull-in. 


5. Set Chroma Gain Control to minimum position (CCW). 
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Test Circuit 


10kQ 2702 


(VV 
_ ty 2N2102 


OSCILLOSCOPE 


2kQ 


YO Oe ®OY ®©®® @ & 


: 0.01pF 
SUB- 


2.45kQ CARRIER 
0.01pF] O-1HF | o.o1pF | 0.01pF = pa cs ssn OUTPUT 
mot TITTd1ls a: 
Si¢ ‘ = = -_ = XTAL = KEY 
1¢ o-\WW—_- 3.579545MHz BURST PULSE 
CHROMA 502 == 


sition VARIABLE TEST SIGNAL | SYNC: PULSE 
ATTENUATOR GENERATOR GENERATOR 
SIGNAL 
2.5u8 = —— 63.518 ———»| 
Pin numbers refer to the PDIP package. (4) pursT & stilted s VCHROMA 


(A) Chroma input signal | | 4us 0.46VCHROMA 5 
(B) Key pulse input signal : vail 
(B) | i 1.0VpEaK (MIN) < a 
~ — 5s CENTERED ON BURST <-> 
al GS 
qo 
© O 
Lu 
a. 
¢) 
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Block Diagram 
TV CHROMA PROCESSOR 

AFPC 

FILTER 0.01,F 

1.0uF 2K0 CRYSTAL 

RF a FILTER 20pF os 
BYPASS 0.01uF . p 
0.01uF_[_ ‘ TL a, 4 @ t 
= & ~ QE) & 10pF 


CARRIER 
a OUTPUT 
SAMPLE 
AND HOLD J ee 
DC CONTR. eran 
BALANCED (3) are 
BIAS ) SHIFTER 0.01,F 
SAMPLE 
AND HOLD 2702 


CHROMA 
INPUT 
2.45kQ 
pial CHROMA 
i SECOND OUTPUT 
CHROMA 
TERM. 12 INPUT | [TEST need r 
(14-4 CHROMA AMPL. 
AMPL. 
CHROMA GAIN 
19 & CONTROL 
KF  50ka © 
ccw hi haa 
1.2k0 LER 
FILTER 
= SIGNAL 
SAMPLE TL 
ov 
AND HOLD "BALANCE: : (3) W—9 5.5 WIDTH 
TRANSLATOR HORIZONTAL 
BIAS KEY INPUT 
SAMPLE 
ane) AND HOLD 
0.01),F sal 0.01,F 
LL ace 
= FILTER 
NOTES: 


6. Optional design features. 
7. Pinout numbers refer to the PDIP package. 
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Schematic Diagram 


(4) RF BYPASS 
A 
1 SINGLE SAMPLE 
. AND HOLD 
B 
Cc 
FIRST CHROMA D 
AMPLIFIER 
R4 R4 
300 300 
R2 
700 


CHROMA 
INPUT [os 
Rg 
500 
D, 
SECOND CHROMA H 
" 
AMPLIFIER SIGNAL SAMPLE 
AND HOLD : 
K 
Rs7 
2K 
Q72 
Rs9 
2K L 
M 
N 
fe) 
eel : 
CHROMA 
OUTPUT 
i 
CHROMA & a aa 
GAIN 8 : ; 
CONTROL 4 , REFERENCE . 
(16) , a 
t ‘ D; a 
; I ‘ 
] | 
(3) : Q 
OVERLOAD # & : 
DETECTOR # i Rs3 r 
| 700 5 
i f 
a 4 
a Rs5 8 
a 3.5K i 
i R 
; : cS 
ri T 
i OVERLOAD DETECTOR 1‘ ‘ r : 
GROUND ZENER 


(5) (SUBSTRATE) 


NOTE: Pin numbers refer to the PDIP Package. Resistance values are in ohms. 
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Schematic Diagram (continued) 


AFPC FILTER XTAL FILTER CARRIER 
ee —— a OUTPUT 
(2) (3) (6) & (8) 
SE Bees Ss FigaaeeeBtigaaqea:: & ae lm Eee eE Se SB SE PIP see eS Bees eese ese ese SS See ee @ 
' BALANCED BIAS SAMPLE 
B —s 
c aes 
D 
i 
a 
| 
| 
| 
| 
i 
| 
E 
i 
|| 
| 
| 
| 
| 
a 
a 
a 
F 
by 
a 
a 
a 
a 
t a 
Beaupewaeeipeaeamaeweweeeeeeeeeeaeabaea & @Sueameeeeeeeeeeseeeees ese Se 
fallen | 9 


BIAS SAMPLE 
AND HOLD 


| | BALANC ALANCE 
TRANSLATOR 


: 
i 
tt 
_ 
ae 


R 
Ss 
T 


VOLTAGE REFERENCES 


Sue Bea mw ae wieaweeweeeewenwip we wees esese SBE Be eB eee eee ee eee sees Ss 
Cea 
KEYING INPUT 
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Application Information 
Circuit Description (Pin numbers refer to the DIP package.) 


The following paragraphs briefly describe the circuit operation 
of the CA3126 (shown in the Block Diagram and Schematic 
Diagram). A detailed description of the operation of various 
portions of the CA3126 is given in AN6247, “Application of the 
CA3126 Chroma-Processing IC Using Sample-and-Hold 
Techniques”. 


The chroma input is applied to Terminal 1 through the desired 
band-shaping network. A 2,450Q resistor should be placed in 
series with Terminal 1 to minimize oscillator pickup in the first 
chroma amplifier. This amplifier supplies signals to the second 
chroma amplifier and to the ACC and AFPC detectors. The 
first chroma amplifier is gain-controlled by the ACC amplifier. 


A horizontal keying pulse is applied to Terminal 9. This pulse 
must be present to ensure proper operation of the oscillator cir- 
cuit. The subcarrier burst is sampled during the keying interval 
in the AFPC detector. The error voltage, produced at Terminal 2 
and proportional to the burst phase, is compared to the quies- 
cent bias voltage at Terminal 3 by the sample-and-hold circuitry. 
This “compared” voltage controls the phase- shifting network in 
the phase-locked loop. The operation of the AFPC loop is inde- 
pendent of any external adjustments or voltages except for an 
initial capacitor adjustment to set the free-running frequency. 


The regenerated oscillator signal at Terminal 8 is applied 
internally to the AFPC and ACC detectors through +45 and 
-45-degree phase-shifter networks to establish the proper 
phase relationship for these detectors. The ACC detector, 
which also samples the burst during the keying interval, pro- 
duces a correction voltage proportional to the burst ampli- 
tude. The correction voltage is compared to the quiescent 
bias level using sample-and-hold circuitry similar to that 
used in the AFPC portion of the circuit. The “compared” volt- 
age is applied internally to the ACC amplifier and killer 
amplifier. Because the amplifier gains and killer threshold 
are determined by the ratios of the internal resistors, these 
functions are independent of external voltages or controls. 


The attenuated chroma signal is fed to the second chroma 
amplifier, where the burst is removed by keyer action. The 
killer amplifier, the chroma gain control, and the overload 
detector control the action of the second chroma amplifier, 
whose gain is proportional to the dc voltage at Terminal 16. 
The overload detector (Terminal 13) receives a sample of 
the chroma output (Terminal 15) and detects the peak of the 
signal. The detected voltage is stored in an external capaci- 
tor connected to Terminal 16. This stored voltage on Termi- 
nal 16 affects the gain of the second chroma in the same 
manner as the chroma gain control. 


General Considerations 


The block diagram shown is typical of the type of circuit used 
in the practical application of the CA3126. Several items are 
critical for proper operation of the circuit. 


1. A series resistor of approximately 2,450Q (or high source 
impedance) must be used at the chroma input, Terminal 
1. This high impedance minimizes pickup of unbalanced 
currents, particularly of the subcarrier oscillator signal. 


2. When the overload detector is used, a large resistor 
(nominally 47,000Q) must be placed in series with Termi- 
nal 16 to set the required RC time constant. The same 
RC network series serves to set the killer time constant. 


3. The setting of the free-running oscillator frequency 
requires the presence of the keying pulse. The free-run- 
ning frequency will be erroneous if Terminal 1 is DC 
shorted during the setting operation because of the DC 
offset voltage introduced to the AFPC detector. 


4. Care must be taken in PC board designs to provide reason- 
able isolation between the oscillator portion of the circuit 
(Terminals 6, 7, and 8) and the chroma input (Terminal 1). 


Overload Detector 
The overload detector accomplishes two purposes: 


1. It prevents oversaturation due to low burst-to-chroma ratios. 
2. It prevents overload conditions due to noise. 


Both of these conditions are discussed in more detail in 
AN6247. The extent to which the overload detector is used 
depends upon the individual receiver design goals. If greater 
than 0.5Vp_p output is desired, the chroma output at Termi- 
nal 15 can be tapped to yield any desired degree of overload 
detector action. 


Chroma Gain Control 


The chroma gain control operates by varying the base bias on 
current source transistor Qos. To ensure proper temperature 
tracking of the chroma gain control, it is essential that the con- 
trol be operated from a supply source derived from the refer- 
ence voltage at Terminal 12. Because the control operates from 
a Current source, chroma gain is much more predictable and far 
less temperature sensitive than controls that steer current by 
means of a differential amplifier. The typical chroma gain char- 
acteristic for the CA3126 is shown in Figure 1. 


100 


o 
So 


40 


A| | | ft 
PT TTA tT] Ett TT 
ae Aen 
i Neh laa ec cd ede 
PIAL TP Tt EE EE ET 


0 20 40 60 80 100 120 140 
VOLTAGE AT TERMINAL 16 (% OF V2) 


FIGURE 1. CHROMA GAIN CONTROL 


CHROMA OUTPUT (% OF MAX. VALUE) 

o 
Z 
EB 
LJ 
© 

NEE 

COPSEEE 
La 
S 
x 
az 
Z 
x 
a 
z 


Subcarrier Regenerator Oscillator 


The oscillator filter consists of a 3.579545MHz crystal, a 680Q 
resistor, and a 10pF capacitor connected in series across Ter- 
minals 6 and 7. A 33pF capacitor, shunt connected from Termi- 
nal 7 to ground, rolls off higher order harmonics, thereby 
preventing oscillation at the crystal third-harmonic frequency. A 
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curve of the typical static phase error as a function of the free- 
running oscillator frequency is shown in Figure 2. It should be 
noted that the slope of the curve determines the DC gain of the 
phase-locked loop, i.e., 40Hz per degree. 


STATIC PHASE ERROR (DEGREES) 


-300 -200 -100 0 100 200 300 400 


OSCILLATOR FREE-RUNNING FREQUENCY 
(DEVIATION IN Hz FROM 3.579545MHz) 


FIGURE 2. STATIC PHASE ERROR 


Thermal Considerations 


The circuit of the CA3126 is thermally compensated to achieve 
the optimal operating characteristics over the normal operating 
temperature range of TV receivers. Figures 3 and 4 show the 
oscillator and chroma-output amplitudes and phases as a func- 
tion of temperature (Terminals 8 and 15), respectively. 

Both the oscillator and chroma-output amplitudes and 
phases are measured relative to the chroma-input phase. 
The performance of the oscillator free-running frequency as 
a function of temperature is shown in Figure 5. All the tem- 
perature plots are characteristic of the test circuit with the 
indicated component types and values given. 


CHROMA INPUT = 0.25Vp_p, 3.58MHz CW SIGNAL 


- ERs 
5 oon Pb 


OSCILLATOR AMPLITUDE (% OF 25°C VALUE) 
OSCILLATOR PHASE 
(DEGREE OF DEVIATION FROM 25°C VALUE) 


Pt tT EE TE EE ig 


60 
-50 -25 i) 25 50 75 100 
TEMPERATURE (°C) 


FIGURE 3. AMPLITUDE AND PHASE VARIATIONS OF 
OSCILLATOR OUTPUT vs TEMPERATURE 


5 


CHROMA INPUT = 0.25Vp.p, aaa ef. 
3.58MHz CW SIGNAL ne riz 
Peer ery 
Serer 


_ 
@ 
o 


120 


100 


= 
et 
00 | Ltt ttt tT tt tt 15 


100 


CHROMA OUTPUT AMPLITUDE (% OF 25°C VALUE) 
° 


TEMPERATURE be 


FIGURE 4. AMPLITUDE AND PHASE VARIATIONS OF 
CHROMA OUTPUT vs TEMPERATURE 


OSCILLATOR FREE-RUNNING FREQUENCY 
(DEVIATION IN Hz FROM 3.579545 MHz) 


50 
-50 -25 0 75 100 
TEMPERATURE a 


FIGURE 5. VARIATION OF OSCILLATOR FREE RUNNING 
FREQUENCY vs TEMPERATURE 
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CA3126 


0.01,F 
1pF 
oor Of 
5pF-25pF 
+12vV (0.01 )F O.01pF | 2k2 


680Q XTAL 


Zar saat 


INPUT FILTER = 
SS eee OO® © o ec 
ae cee eee a ee ae _ — —., 3.579545MHz 
1 ; SUBCARRIER 
Li ' sv AFPC 1 OUTPUT (CW) 
1 cc SUBCARRIER i 
12H pevrit. |__| veo AMP ‘ee 
I I 
4 CA3126 0.01,1F 
= I I 
COMPOSITE 0.01,F " 
VIDEO/CHROMA INPUT ; 
; FIRST CHROMA/ 2ND 
cy CHROMA BURST-GATE CHROMA —({15) 
' AMP SWITCH _ AMP 
i i 
= 
poe O.L. DET BURST | | 
! DET/FILT. Keen Ae KEYER | , 
, 11.2V : GAIN CONT. AMP 
,; ZENER 
, REF 
.— = = ee ee ee a 
eed 1 = 2kQ y>1VpEAK 
0.01,F T ad Toone ' | | 
= = ov 
BURST KEY PULSE 
NOTE: For Subcarrier Regenerator, the second chroma 4us (TYP), CENTERED 
amp is not used; Pins 13,14, and 15 are not connected and ON BURST 


pin 16 is grounded. 


FIGURE 6. TYPICAL APPLICATION OF THE CA3126 AS A SUBCARRIER REGENERATOR 
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aD 


November 1996 TV Sync/AGC/Horizontal Signal Processor 
Features Description 
¢ Horizontal Oscillator with AFC The CA3154 is a monolithic integrated circuit TV signal 


processor designed for use in color or monochrome 
receivers. Circuit functions include a horizontal oscillator with 
¢ Strobed AGC System AFC, a sync separator, and a keyed AGC system. The AGC 
system provides output signals for IF (reverse) and tuner 

* IF AGC Output (forward and/or reverse). The wide  frequency-range 
Delayed Outputs for Forward or Reverse AGC Tuners __ horizontal oscillator has high stability at 503.5kHz. When 
the CA3154 is used in conjunction with horizontal/vertical 

¢ Internal Noise Threshold countdown circuits, the need for horizontal and vertical hold 


High-Impedance Video Input controls is eliminated. 


¢ Sync Separator with Noise Immunity 


¢ Choice of Dual External Time Constants for Sync 
Separator Noise Immunity 


e RF AGC Delay Externally Controlled 


Output Short-Circuit Protection 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C)| PACKAGE 


CA3154E -40to85 |16Ld PDIP E16.3 


Pinout 
CA3154 
(PDIP) 
TOP VIEW 
VIDEO INPUT | 1 | 16] HORIZ PULSE INPUT 
SYNC SEP | 2| 15] AGC FILTER 
COMP SYNC INPUT | 3} 14] IF GAIN CLAMP 
HORIZ SAWTOOTH INPUT | 4) 13] IF AGC 
GND | 5 | 12] TUNER REV. AGC 
OSC PHASE INPUT | 6 | 11] TUNER FWD AGC 
OSC QUAD INPUT 10] HORIZ AFC FILTER 
OSC OUTPUT | 8 | | 9} SUPPLY VOLTAGE 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 1 83 1 


Copyright © Harris Corporation 1996 
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Absolute Maximum Ratings Thermal Information 
DC Supply Voltage (V+ tO V-). 0.0... eee eee eee 15V Thermal Resistance (Typical, Note 1) Ba (°C/W) 
POP PaGRBUe ¢ cas ccae adeno sceeodn ene oesu ee 80 
Operating Conditions Maximum Junction Temperature (Plastic Package) ........ 150°C 
Fariperalire ABNGS ca ccee cs cess ee eas aed vere ns -40°C to 85°C Maximum Storage Temperature Range tah tababamale 65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. @ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Terminal 5 to GND, and Terminal 9 to +12V, Unless Otherwise Specified 


TEST CONDITIONS TEMP 
PARAMETER SYMBOL | (TERMINALS CONNECTED AS SHOWN BELOW)| (°C) TYP UNITS 


Video Inverter Voltage Vo (1) to +4V, (2) 12kQ to GND, (3) 27kQ to GND, 25 5.2 V 
Measure (2) 

Sync Separator High Output V3H (1) to +4V, (2) 12kQ to GND, (3) 27kQ to GND, 25 10.7 V 
Measure (2) 


Voltage 
Sync Separator Low Output V3L (1) to +4V, (3) 27kQ to GND, Measure (3) 
Voltage 


Video Noise Clamp Voltage | V3 Clamp | (1) to +3.1V, (3) 27kQ to GND, Measure (3) 10.7 poe poe pov 
AGC Discharge Current 145 (1) to +4.4V, (2) 10kQ to GND, (15) 470Q to 25 1.4 mA 
Discharge | +6V, (16) 27kQ to 12V, Measure (15) 
AGC Charge Current (1) to +3.45V, Otherwise, Same as Above -2.1 mA 
Charge 
las (1) to +3.45V, (2) 10kQ to GND, (15) 4.7kQ to 25 pA 
Leakage | +6V, Measure (15) 
VitH | Adj. (1) for 145 =0+0.1mA, (2) 10kQ to GND, (15) 3.8 4.3 V 
4.7kQ to +6V, (16) 27kQ to +12V, Measure (1) 
Vi3i | (11) 10kQ to GND, (12) 10kQ to +12V, (13) 25 0.75 1.25 V 
22kQ to +5V, (14) 1kQ to +2.95V, (16) 1kQ to 
+2.2V, Measure (13) 
Forward Tuner AGC Leakage (11) 10kQ to GND, (12) 10kQ to 12V, (13) 2.2kQ pA 
Current Leakage | to +5V, (14) 1kQ to +2.95V, (15) 1kQ to +5.3V, 
Measure (11) 
Reverse Tuner AGC Leakage lo Same as Above, but Measure (12) pA 
Leakage 


Vai~ | (11) 3.6kQ to GND, (12) 3.16kQ to +12V, (13) 25 3.2 V 
2.2kQ to +5V, (14) 1kQ to +2.95V, (15) 1kQ to 
+7.9V, Measure (11) 

Vi3H | (11) 10kQ to GND, (12) 10kQ to +12V, (13) 4.85 V 
2.2kQ to +5V, (14) 1kQ to +2.95V, (15) 1kQ to 
+7.9V, Measure (13) 


(2) 10kQ to GND, (3) to GND, (4) 5kQ to +3.8V, 
(10) 10kQ to +6V, Limit GND at (3) to 10s, 
Measure 10 


AGC Comparator Leakage 


AGC Threshold Voltage 


Minimum IF AGC 


IF AGC High Voltage 


Forward Tuner AGC Low 
Voltage 


Reverse Tuner AGC Low 
Voltage 


_ — 
—_ _ 
_ oo 


Maximum IF AGC Voltage 


Phase Detector Leakage 
Current 


Hot 
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Electrical Specifications Terminal 5 to GND, and Terminal 9 to +12V, Unless Otherwise Specified (Continued) 


TEST CONDITIONS TEMP 
PARAMETER SYMBOL | (TERMINALS CONNECTED AS SHOWN BELOW)| (°C) TYP UNITS 


Oscillator Output Voltage V6 Connect Oscillator Loop Shown in Test Circuit to 25 Vp-p 
(6), (7), (8); (3) to GND for 10s Max, Measure (6) 
Oscillator Free-Running f6—R | Same as Above 25 475 535 kHz 
Frequency 
f6H 


Oscillator Frequency High Connect Oscillator Circuit Shown in Test Circuit to 


(10), (7), (8); (2) 10kQ to GND, (4) 5kQ to +18V, 


Measure (6) 


Rye yy 
Oscillator Frequency Low Same as Above, Except (4) 5kQ to +3.8V 25 | = |= | 485 | kHz | 
pe] - | | | | 


Sync Separator Short Circuit (3) 10Q to GND for 10s Max 


IFGAIN ¢ IF AGC § > AGC 
CLAMP DELAY 
DISCHARGE TUNER TUNER POWER 
FILTER CAP AL =  REVAGC FWD AGC SUPPLY 
; 15 wtH/14 13 12 14 9 
HORIZ = 
GATING od 
PULSE ‘ oir 
INPUT KEYED 
AGC 
GATE 
osc 
OUT 1 L 
8 — —_— 
----7V BUFFER QUAD FB IN , 
; eal 32 X HORIZ 
SYNC FREQ 
----4V SEPARATOR 6 NORIe 
VIDEO OSC FB OUTPUT 
INPUT PHASE L 
SHIFTIN — 
5] GND 24 SYNC 3] COMPOSITE 4] HORIZ 10] AFC = 
SEPARATOR ©SYNC SAWTOOTH | FILTER 
> = OUTPUT 
PULSE i 
— HORIZONTAL — — 
INPUT 


FIGURE 1. FUNCTIONAL BLOCK DIAGRAM OF CA3154 
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NOTE: Oscillator loop to be used as indicated in the electrical characteristics chart, with coil adjusted for typical unit to 503.5kKHz for fgFR. 


+12V 


FIGURE 2. ELECTRICAL CHARACTERISTICS TEST CIRCUIT 


a O_O 


V13 POT. DELAY 
SETTING 


BBaBewaenaueway ji 


Vi1(TUNER FWD AGC) 
Vi2(TUNER REVERSE AGC) 
V143(MIN) = V44 -2.1V 

: V14IF(MAX)GAIN BIAS 

TUNER GAIN : V15(MIN) = V44 -0.7V 


IF MAX GAIN AT | IF GAIN RED. 
ci RANGE REDUCTION RANGE VDELAY 


V 
RF INPUT SIGNAL ——___—__» ‘4 


FIGURE 3. TYPICAL OPERATION OF AGC CIRCUITS USING THE CA3154 


REF BIAS TO 
AGC (4V) 


FIGURE 4. SCHEMATIC OF SYNC SEPARATOR SECTION OF THE CA3154 
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VIDEO 


REF SYNC 
FROM VIDEO DELAY IF TUNER 
BUFFER AMP (avy Ai set C9) aac Drevacc @) +12v 
Ri3 R14 R24 
R35 
400 100 500 425 
% Q 
R 
Q 37 
i = TUNER 
ri ahi ui Ore 
Q 
100 17 
Qig Qig 
HORIZ Q20 
PULSE 
IN 
© 
R24 
1K Q29 
R22 R33 
15K 200 
\ IF GAIN 
| t—09 ug CLAMP (5) 
FIGURE 5. SCHEMATIC OF AGC SECTION OF THE CAA3154 
HORIZ 
(0) AFC FILTER (Q) +12V 
| : | Q72 
Rg2 
14 
(8) 
osc 
OUTPUT 
HORIZ. 
SAWTOOTH 
INPUT Rego 
(4) Qs0 9.9K 
QUAD 
ep sg 
Rsg # 
8.2K ° 
. PHASE 
SYNC OSC 
INPUT 
SYNC FROM (6) 
SYNC SEP 


_ =0.5mA Q47 


Rs5 
200 


FIGURE 6. SCHEMATIC OF AFC-OSCILLATOR SECTION OF THE CA3154 
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AGC 
IF TUNER | TUNER 
4.7F REV FWD 
4.3V 
2200 1.2kQ 3302 
DELAY 
- -7V 

----4V 
VIDEO 
INPUT 2.2kQ 150pF “= — 9. 22uF 


0.1,F 


HORIZ. a 


P.B. PULSE 
(+60V) 
INPUT 


= 6802 1.2kQ 
0.1pF _ 
4702 3opF = 10 
1yF 2.4mH 
4702 18Q 620pF 1.2kQ 
L 470pF 
0.033uF ~ #12V 
ne wc POWER 
220kQ = 27H — SUPPLY 
SYNC SEPARATOR 
0.0047F OUTPUT-POSITIVE A 
= SYNC TIPS 
32 X HORIZ. 
FREQ. 
(503.5kHz) 
OSC. OUTPUT 


FIGURE 7. TYPICAL APPLICATION OF THE CA3154 
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Features 


e Includes IF Amplifier, Quadrature Detector, AF 
Preamplifier, and Specific Circuits for AGC, AFC, Tun- 
ing Meter, Deviation-Noise Muting, and ON Channel 
Detector 


e FM IF Amplifier Applications in  High-Fidelity, 
Automotive, and Communications Receivers 


¢ Exceptional Limiting Sensitivity -12uV (Typ) at -3dB 
Point 


¢ Low Distortion -0.1% (Typ) (with Double-Tuned Coil) 
¢ Single-Coil Tuning Capability 

e Improved S + N/N Ratio 

¢ Externally Programmable Recovered Audio Level 


e Provides Specific Signal for Control of Interchannel 
Muting (Squelch) 


¢ Provides Specific Signal for Direct Drive of a Tuning 
Meter 


¢ On Channel Step for Search Control 


Provides Programmable AGC Voltage for RF Amplifier 


Provides a Specific Circuit for Flexible Audio Output 
¢ Internal Supply Voltage Regulators 


e Externally Programmable “On” Channel Step Width, 
and Deviation at Which Muting Occurs 


Description 


The Harris CA3189E is a monolithic integrated circuit that 
provides all the functions of a comprehensive FM-IF system. 
The block diagram of the CA3189E includes a three-stage 
FM-IF amplifier/limiter configuration with level detectors for 
each stage, a doubly-balanced quadrature FM detector and 
an audio amplifier that features the optional use of a muting 
(squelch) circuit. 


The advanced circuit design of the IF system includes desir- 
able deluxe features such as programmable delayed AGC 
for the RF tuner, an AFC drive circuit, and an output signal to 
drive a tuning meter and/or provide stereo switching logic. In 
addition, internal power-supply regulators maintain a nearly 
constant current drain over the voltage supply range of 
+8.5V to +16V. 


The CA3189E is ideal for high-fidelity operation. Distortion in 
a CA3189E FM-IF System is primarily a function of the 
phase linearity characteristic of the outboard detector coil. 
The CA3189E has all the features of the CA3089E plus addi- 
tions. See CA3189E features compared to the CA3089E in 
Table 1. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


CA3189E -40to85 |16Ld PDIP E16.3 


Pinout 


CA3189 
(PDIP) 
TOP VIEW 


INPUT 
BYPASS 


MUTE CONTROL [5] 
AUDIO OuT [6] 
AFC OUT 

IF OuT [8 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
Copyright © Harris Corporation 1996 


SUBSTRATE (GND) 


TUNING 
METER OUT 


0] REF BIAS 
[9] QUADRATURE 
INPUT 


File Number 
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Absolute Maximum Ratings Thermal Information 
DC Supply Voltage Thermal Resistance (Typical, Note 1) Oya (CCW) 
(Between Terminals 11 and 4) .................. 2 eae 16V PDIP Package ............ ccc cece cece ee eees 90 
(Between Terminals 11 and 14) ......... 6... sees eee eee 16V_ Maximum Junction Temperature (Plastic Package) ........ 150°C 
DC Current (Out of Terminal 15) (SSG Re RESO Ew & He ae we we 2mA Maximum Storage Temperature Range se st a a -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............ 300°C 


Operating Conditions 
Temperature Range ................. eee eee -40°C to 85°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. Oya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Ty, = 25°C, V+ = 12V 


CIRCUIT 
OR FIG. 
NO. 


PARAMETER SYMBOL TEST CONDITIONS 


DC SPECIFICATIONS 


Quiescent Circuit Current Pol | No Signal Input, Non Muted | 4,2 | 20 | 31 | 40 | ma | 


No Signal Input, Non Muted 


DC Voltages 
Terminal 1 (IF Input) 


_ 
ie) 


Terminal 2 (AC Return to Input) 


Terminal 3 (DC Bias to Input) 


V4 
MR 
THD 
HD 


walk: 
nN 
— 
oa 
— 
| 


Terminal 15 (RF AGC) 


Terminal 10 (DC Reference) 


ok, 
Nh 


DYNAMIC SPECIFICATIONS 


Input Limiting Voltage (-3dB Point) V4 (lim) Ld fo = 10.7MHz, 
fmop- = 400Hz, 


Deviation +75kHz 


AM Rejection (Terminal 6) Vin = 0.1V, 
AM Mod. = 30% 
Recovered AF Voltage (Terminal 6) Vo(AF) 


Total Harmonic Distortion (Note 2) 
Single Tuned (Terminal 6) Vin = 0.1V 
Double Tuned (Terminal 6) 
Signal Plus Noise to Noise Ratio S+N/N [Vin = 0.1V 
(Terminal 6) 


= ~ 
Rilo N 


nih 
Nh 


+4 


12 


On Channel Step V Vin = 0.1V fpev < +40kHz 
fpev > +40kHz 
NOTE: 


2. THD characteristics are essentially a function of the phase characteristics of the network connected between Terminals 8, 9, and 10. 


x ° ° 3 = 
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TABLE 1. 


FEATURES 
Low Limiting Sensitivity (12uV Typ) 
Low Distortion 
Single-Coil Tuning Capability 
Programmable Audio Level 
S/N Mute 
Deviation Mute 
Flexible AFC 
Programmable AGC Threshold and Voltage 
Typical S + N/N > 70 dB 


Meter Drive Voltage Depressed at Very Low Signal Levels 


On-Channel Step Control Voltage 


Test Circuits 


SIGNAL 0.01pF 
INPUT 


‘fi ‘yj 
VOLTAG st 
© 


NOTES: 
3. All resistance values are in ohms. 


4. Ltunes with 100pF (C) at 10.7MHz. Qo (unloaded) = 75 (TOKO No. 
KACS K586HM or equivalent). 


5. C= 0.01puF for 50us deemphasis (Europe). 
C = 0.015yuF for 75us deemphasis (USA). 


FIGURE 1. TEST CIRCUIT FOR CA3189E USING A SINGLE- 
TUNED DETECTOR COIL 


CA3189E FEATURES COMPARED TO CA3089E 


CA3189E CA3089E 


ee 
ee 
ee 
ee 
ee 
ee 


Pr = s" ‘SS 
I 3K I 
I | 
{ 4 
I I 
ert 
Vem 12 — T (NOTE 7) 
i" 22uH | 1 8.2K 
SIGNAL 0.01yF 
INPUT (¢ F 
VOLTAGE? O a r 
(3) CA3189E (6) ; 
C | AUDIO 
we 6) (2) (NoTE 9) Lh oyt 
0.02 — 
HF TL® Ew 470 ~ 
9 T°! | Sek 
PIN 13 Wm 33k a 
47K Ko=> se ook: 
== @ 150A = 
= TUNING METER 7 EULL 


NOTES: 

6. All resistance values are in ohms. 

7. T: PRI. - Qo (unloaded) = 75 (tunes with 100pF (C;) 20T of 34e on 
7/39” dia. form. SEC. - Qo (unloaded) = 75 (tunes with 100pF (Co) 

0 2 

20T of 34e on 7/30" dia. form. KQ (percent of critical coupling) = 
70% (Adjusted for coil voltage (Vc) = 150mV). 

8. Above values permit proper operation of mute (squelch) circuit 
“E” type slugs, spacing 4mm. 

9. C=0.01yF for 501s deemphasis (Europe) C = 0.015yF for 75s 
deemphasis (USA). 


FIGURE 2. TEST CIRCUIT FOR CA3189E USING A DOUBLE- 
TUNED DETECTOR COIL 
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Block Diagram 
rok 4 
) (NOTE 11) , 
QUADRATURE 1 — > | 
INPUT | 1 i 
22uH |! 


1 
V+ H 
Y REFERENCE 
TO INTERNAL 1) OUT (9) A0 BIAS 
REGULATORS 


uF TT 
DELAYED 
AGC FOR 
RF AMPL MUTING 
; TUNING ahaa 
METER 70 
CIRCUIT (12) 
0.33uF bas 
bial be 
TO STEREO — — 
®9 THRESHOLD 
TUNING METER OUTPUT LOGIC CIRCUITS : i 
ON CHANNEL 
INDICATOR 
=o 47K 
NOTES: 


10. All resistance values are in Q. 
11. L Tunes with 100pF (C) at 10.7MHz. Qo = 75 (TOKO No. KACS K586HM or equivalent). 


O 
Oo 
= 
Se 
<> 
i © 
qa 
OO 
Lu 
a 
~ 
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Schematic Diagrams 


IF AMPLIFIER 
| 
A l 
; & 
4 
Fo 
Re R7 Rio ' 
2K 2K 2K 
C14 Cia} C43 : 
1 1 1 
vlely | 'v 
r 
Y ] 
i 
. 
| 
| 
Q3 a 
4 
i 
| 
| 
' 
IF Qsa 
INPUT 
© . 
ds all 
Q¢ 
INPUT <Ro2 
BYPASSING >2.8K SRz 
533 
(3) w 
- 2.8K 


8802 
(is) (6 : 
i 
AGC FOR TUNING 5 
RF AMPL. LEVEL DETECTOR AND METER CIRCUIT METER « 
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Schematic Diagrams (Continued) 


(5) QUADRATURE 


INPUT 


DETECTOR 


MUTE DRIVE 


CA3189E 


gias (0) (Oe a 
== 
aw 


R57 
11.8K 
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CIRCUITS 


| DEVIATION MUTE DETECTOR 
) AND AFC AMPLIFIER 
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Typical Application 


3.3K 
(NOTE 13) 
CF 
10.7MHz 
One 
FROM = _1nF 

TUNER 

2.2K 

NOTES: 


12. All resistance values are in ohms. 


13. CF: Ceramic filters, TOKO CSFE or equivalent. 


CA3189 


+12V 
L (NOTE 14) 
Pr be | 
| i 
. 10K 
| 1 
b a 68K — 
AFT 
22uH hal 10pF 10nF 
(NOTE 13) (5) || Au + 
CF 
Cae Se mee. (9) 60 
ia 12K 
AUDIO 
CA3189E (6) : 


S) 
@ 
‘ 
(15) 47K 
47K 
10K 2.2uF | 3.9nF 
2) 


RF AGC a) 


TUNING 


14. L tunes with 100pF (C) at 10.7MHz. Qo (unloaded) = 75 (TOKO No. KACS K586HM or equivalent). 


FIGURE 3. COMPLETE FM IF SYSTEM FOR HIGH QUALITY RECEIVERS 


8-54 


CA3189 


Typical Performance Curves 


Lu 
oO 
2 
_8 RECOVERED AUDIO FROM FULL 3 
a {| OUTPUT (LEFT COORDINATE) tN 
— | 
Q 5 j Rilmeeetl {| < 
o3 TUNER AGC DC E 
<= VOLTAGE AT TERM. 15 | rs 
O& (RIGHT COORDINATE) 
Par f (PIN 15 TO PIN 13) 2 
oc 
| : 
oS VOLTAGE AT TERM. 13 z 
“0 METER CIRCUIT (33kQ ea 
$ TO GND) (RIGHT a 
iE COORDINATE) 3 
er reat 
, ia bi bin — -100 -50 0 50 100 150 
INPUT SIGNAL (:V) CHANGE IN FREQUENCY (kHz) 
FIGURE 4. MUTING ACTION, TUNER AGC, AND TUNING FIGURE 5. AFC CHARACTERISTICS (CURRENT AT 
METER OUTPUT vs INPUT SIGNAL VOLTAGE TERMINAL 7 vs CHANGE IN FREQUENCY) 


5 o 
re) vu 
= Ss mms CA3189E ONLY 
S \ssee8: CA3189E PRECEDED BY 
: FILTER AND GAIN STAGE 

= = = = CA3189E PRECEDED BY 
E ¥ 2 FILTER AND GAIN STAGES 
= 
z = 
S rr 
S ° EL LT 
rf 
a 

Il 
1 10 102 10° 104 10° 
LOAD RESISTANCE (BETWEEN TERM. 7 AND TERM. 10) (kQ) SIGNAL LEVEL (1V) 
FIGURE 6. DEVIATION MUTE THRESHOLD vs LOAD FIGURE 7. TYPICAL LIMITING AND NOISE CHARACTERISTICS 


RESISTANCE (BETWEEN TERMINAL 7 AND 
TERMINAL 10) 


CIRCUITS 
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Features 

e Automatic Picture Tube Bias Cutoff Control 

e Automatic Background Color Balance 

¢ Eliminates Grey Scale Adjustments 
Compensates for Cathode-to-Heater Leakage 
Electrostatic Protection on All Pins 
Servo Loop Design 
Wide Dynamic Range 


Three-Gun Control 


CA3224E 


Automatic Picture Tube Bias Control Circuit 


Description 


The CA3224E is an automatic picture tube bias control cir- 
cuit used in color TV receiver CRT drive circuits. It is used to 
provide dynamic bias control of the grey scale both initially 
and over the CRT operating life, compensating for CRT cut- 
off changes. 


The CA3224E provides automatic continuous control of the 
cutoff current in each gun of a three-gun color CRT. From an 
input pulse amplitude proportional to the difference between 
the desired and the actual CRT cutoff, a gated sample/hold 
circuit generates a DC correction voltage which correctly 


biases the CRT driver circuit. The sample/hold bias correc- 
tion takes place each frame following the vertical blanking. 
Figure 1 shows a block diagram of the CA3224E. The func- 
tions include three identical servo loop transconductance 


Minimal External Components 


Ordering Information 


TEMP amplifiers with a sample/hold switch and buffer amplifier plus 
PART NUMBER | RANGE °c) | omen | oe control logic, internal bias and a mode switch. 


CA3224E -40to85 |22Ld PDIP E224 


CA3224E 
(PDIP) 
TOP VIEW 


GROUND Vcc 
CHANNEL 1 INPUT CHANNEL 1 HOLD CAP 
CHANNEL 1 FREQ COMPENSATION CHANNEL 1 OUTPUT 
CHANNEL 2 INPUT CHANNEL 2 HOLD CAP 
CHANNEL 2 FREQ COMPENSATION CHANNEL 2 OUTPUT 
CHANNEL 3 INPUT CHANNEL 3 HOLD CAP 
CHANNEL 3 FREQ COMPENSATION CHANNEL 3 OUTPUT 
VERTICAL INPUT Vrer BYPASS 
GROUND AUTO BIAS LEVEL ADJUST 
HORIZONTAL INPUT AUTO BIAS PULSE OUTPUT 
GRID PULSE OUTPUT PROGRAM PULSE OUTPUT 


File Number 1553.1 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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CA3224E 


Absolute Maximum Ratings Ty = 25°C 


Thermal Information 


SUDPIY VONGOS (Vie). ccsicecrinvdeeetedetusersareders 11V Thermal Resistance (Typical, Note 1) B ya (CC/W) 

Gr Wi VOURGS be cos eres ewk saranda sncnewud ee -1toVcec PDIP Package............ cc cece cece eee eee 77 

OUDUt CONG 6 osc eke bo ed eeeg edad ves Short Circuit Protected Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 

Operating Conditions Maximum Lead Temperature (Soldering 10s)............. 300°C 

Temperature Range ..............000 cece eee -40°C to 85°C 

Supply Voltage Range (Typical) .................0.. 10V +10% 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications At Ty = 25°C, Voc = 10V, Veias = 3.75V, Vy (Pin 8) = Vy (Pin 10) = 6.0V, Sy =A, So =A, 
See Test Circuit and Timing Diagrams 


[——rananeren__[vesvweno,[ommooc] _Tesrconorions [wn] WP [wax [uw 
En Oa 
CY 
a CS CCC 


Veias = 7.0V, Measure at tg, Sy =B 
Input Current | 17,19, 21 
Voltage Gain 


17,19, 21 


Vout = 6.5V, Vin 
At pins 16, 18, 20, 


Output Buffer 


ee es Ne) 
on on 
Slo oO 


Measure at ty, S; = 


Con 
a 

Ls 

a ease _[ 

at 40kHz, S = 

af 
Cor immer 
2 
on fnessrears «dA 
ee 
Ton 
Tw 
_" 
mana 
— 
— 
— 
— 


= 


mak 
oO 
Oo 


Transconductance 


oO 
on 
Ce) 


Auto Bias Pulse 
High 
Current Sink 


Grid Pulse Output 


Program Pulse Output 


riI5/z Oo 
= 7 p> i O 
= 
oO 
= 


Vertical Input 


Horizontal Input 


ie) 


S 


= 


Auto Bias Pulse Timing | Start 


_ 
ine) 
SN 
oO 


Finish 


© 
Te) 
o 

= 
7) 


Grid Pulse Timing 


—* 
oO 
© 
oO 


Finish 


= 
” 


=) 


=i 
oO 
© 
oO 

= 
n 


Program Pulse Timing | Start 


oO 
mi 


—_ FF —_—A —_ 
mn}o}]o te es —) ro) fo) 
a, E/2/S] a] s =|" | : 


Finish us 


ie) 
a 


NOTE: 
2. All time measurements are made from 50% point to 50% point. 
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Test Circuit 


VIN1 ¢ 


Vin2 @ 


Vins © 


VERTICAL ¢ 


INPUT 


HORIZONTAL , 


INPUT 


pF 
0.047 
pF 
6 17 


CA3224E 


16 
15 


F 
th, a 


CHAN FREQ HOLD 
1IN COMP CAPACITOR 10UT 2IN COMP CAPACITOR 20UT 3IN COMP CAPACITOR 30OUT 


2) @& 21) 


AMPLIFER 


CA3224E 


Device Description and Operation 
Veias (See Figures 1, 2, 4 and 5) 


During the vertical retrace interval, 13 horizontal sync pulses 
are counted. On the 14th sync pulse the auto-bias pulse out- 
put goes high. This is used to set the RGB drive of the com- 
panion chroma/luma circuit to black level. The auto-bias pulse 
stays high for 7 horizontal periods during the auto-bias cycle. 


On the 15th horizontal sync pulse, the internal logic initiates 
the setup interval. During the setup interval, the cathode cur- 
rent is increased to a reference value (A in Figure 5) through 
the action of the grid pulse. The cathode current causes a 
voltage drop across Rs. This voltage drop, together with the 
program pulse output results in a reference voltage at Vs 
(summing point) which causes capacitor C; to charge to a 
voltage proportional to the reference cathode current. The 
setup interval lasts for 3 horizontal periods. 


On the 18th horizontal sync pulse the grid pulse output goes 
high, which through the grid pulse amplifier/inverter, causes 
the cathode current to decrease. The decrease in cathode 
current results in a positive recovered voltage pulse with 
respect to the setup reference level at the Vs summing point. 


0+20V 

3.32K 7 The positive recovered voltage pulse is summed with a nega- 
tive voltage pulse caused by the program pulse output going 

1.50K = 1.0K low (cutting off Diode D; and switching in resistors Ry and 


mr +10V Ro). Any difference between the positive and negative pulses 
is fed through capacitor C; to the transconductance amplifier. 
The difference signal is amplified in the transconductance 

1.5K = amplifier and charges the hold capacitor Co, which, through 
the buffer amplifier, adjusts the bias on the driver circuit. 


Components Rs, Rj, and Ro must be chosen such that the 
program pulse and the recovered pulse just cancel at the 
desired cathode cutoff level. 


CHAN CHAN FREQ HOLD CHAN CHAN FREQ HOLD CHAN 


a © © yy &% © @Q YD & 


AMPLIFER 


BUFFER 
AMP 


@) «= Gg) 8) ® ® @ ® 04) 


Voc Vrer VERT HORIZ GRID PROG AUTO AUTO 
BYPASS IN IN PULSE PULSE BIAS BIAS 
OUT OUT PULSE LEVEL 


OUT ADJUST 


FIGURE 1. FUNCTIONAL BLOCK DIAGRAM 
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CA3224E 


ty t2 th tts ty 
! i 

| 

] 
. BLANKING . ; 


l | | 

VERTICAL INPUT I I 1 | 
(PIN 8) VERTICAL 
I 


| 
HORIZONTAL INPUT 
(PIN 10) 


1 2 3 12 1314 151 1617 18 191 20 21 22 23 


AUTO BIAS I 
PULSE OUTPUT vo cmenareneanmaton | 


y 
(PIN 13) ) 
y 


GRID PULSE OUTPUT 
| 


I 
| 
PROGRAM PULSE | ; ! | 
I 
| 


(PIN 12) ) 
I 
I 
MODE SWITCH 
(SEE FIGURE 1) OPEN SET-UP 


FIGURE 2. FUNCTIONAL TIMING DIAGRAMS 


Y 


Ww 
VERTICAL SIGNAL Te ee ee 
0.5ms >| 


16.683ms fy = 59.94Hz 


HORIZONTAL SIGNAL 


OV fy = 15734.264Hz 


FIGURE 3. VERTICAL AND HORIZONTAL INPUT SIGNALS 
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OPEN 


SPECIAL ANALOG 
CIRCUITS 


CA3224E 


+230V ¢ _ 0+10V’ 
12K 33yF 3.9K 1.5K 
22k RAR 
— 10K 
. Q 
B 3 
Q, —) 
+12V i a = “GRID PULSE 
nie: | AMPLIFIER 
Rin © 5D Rout INVERTER 
Rs shes 
5602 = 0.047 
Ree 1% SUMMING POINT ci 19 
== Cc = 
_ 160K | 2002 fVg 9.12 Gin a Gout Gin 
RF-° pRIVER 
CHROMA/ — 17 
LUMA 2.7K CA224E 
CIRCUIT G 16 2 Bout 
+ 
B 47F 
15 
TOB _ eee 
DRIVER = 
. , AUTO BIAS 
-24V LEVEL ADJUST 
PROGRAM 
RGB TO , HORIZONTAL 
BLACK LEVEL INPUT 
, VERTICAL 
INPUT 


AUTO-BIAS PULSE 


NOTE: 
3. One of three identical driver circuits shown. 
FIGURE 4. TYPICAL APPLICATION CIRCUIT 


Electrostatic Protection (note) 


I 
ne When correctly designed for ESD protection, SCRs can be 


highly effective, enabling circuits to be protected to well in 
excess of 4kV. The SCR ESD-EOS protection structures used 
on each terminal of the CA3224E are shown schematically in 
either Figures 6A or 6B. Although ESD-EOS protection is 
included in the CA3224E, proper circuit board layout and 
grounding techniques should be observed. 


NOTE: For further information on CA3224E protection structures refer 
to: AN7304, “Using SCRs as Transient Protection Structures in 
Integrated Circuits”, by L.R. Avery. Harris AnswerFAX (407-724-7800) 
document #97304. 


SET-UP 


SENSE 
VCATHODE Grip (V) 


FIGURE 5. PICTURE TUBE V-I CURVE 


5 TO ACTIVE 
GIRCUIT ciIRCUT 
RHOLD = FE 
SUBSTRATE POSITIVE NEGATIVE POSITIVE 
NEG. TRANSIENT TRANSIENT TRANSIENT TRANSIENT 
PROTECT a) PROTECT PROTECT (B) PROTECT 
FIGURE 6A. FIGURE 6B. 


FIGURE 6. TRANSIENT PROTECTION 
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FARRIS 


SEMICONDUCTO 


aD 


25MHz, BiMOS Analog 
Video Switch and Amplifier 


November 1996 


Features Description 
e 5 Multiplex Video Channels The CA3256 BiMOS analog video switch has five channels 
- 1 Independent Channel of CMOS multiplex switching for general-purpose video- 
- 4Channels with Enable signal control. One of four CMOS channels may be selected 
in parallel with channel 5. The CMOS switches are inputs to 
¢ 4LED Channel Indicator Outputs the video amplifier but may be used in bilateral switching 


between channels 1 to 4 and channel 5. The analog 
switches of channels 1 to 4 are digitally controlled with logic 
e Adjustable Video Amplifier Gain level conversion and binary decoding to select 1 of 4 
channels. The enable function controls channels 1 to 4 but 
does not affect channel 5. LED output drivers are selected 
7 with the channel 1-to-4 switch selection to indicate the ON- 
Applications channel. Channel 5 may be used as a monitor output for 
data or signal information on channels 1 to 4. The 
transmission gate switches shown in the block diagram of 
¢ 75Q Video Amplifier/Line Driver the CA3256 are configured in a “T” design to minimize 
feedthrough. When the switch is off, the shunt or center of 
the “T” is grounded. 


¢ Wideband Video Amplifier ........ 25MHz Unity Gain 


¢ High Signal-Drive Capability 


¢ Video Multiplex Switch 


e Video Signal-Level Control 


¢ Monitor Switching Control 


The amplifier has high input impedance to minimize the Ron 
e TV/CATV Audio/Video Switch transmission gate insertion loss. The amplifier output imped- 
ance is typically 5Q in a complementary symmetry output. 
The amplifier can directly drive a nominal 75Q coaxial cable 
to provide line-to-line video switching. The gain of the ampli- 
fier is programmable by different feedback resistor values 
between pins 8 and 9. Compensation may also be used 
between these pins for an optimally flat frequency response. 
An internal regulated 5V bias reference with temperature 
compensation permits stable direct-coupled output drive and 
minimizes DC offset during signal switching. 


¢ Video Signal Adder/Fader Control 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) PACKAGE 


CA3256E -40to85 |18Ld PDIP E183 
CA3256M -40to85 |20Ld SOIC M20.3 


Pinouts 


CA3256 CA3256 
(PDIP) (SOIC) 
TOP VIEW TOP VIEW 


18} CONTROL B INS [7 [20] CONTROL B 


16] CONTROL A IN4 | 3] CONTROL A 
NC 


\V- 


CONTROL C 
FEEDBACK [ 8] 


CONTROL C 12] LED 1 
FEEDBACK [6 TT] LED 2 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 769.4 
Copyright © Harris Corporation 1996 8-61 
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HARRIS CD22402 


Sync Generator for TV Applications 
November 1996 and Video Processing Systems 


Features Description 


¢ Interlaced Composite Sync Output The Harris CD22402 (Note) is a CMOS LSI sync generator that 
¢ Automatic Genlock Capability produces all the timing signals required to drive a fully 2-to-1 
; . interlaced 525-line 30-frame/second, or 625-line 25-frame/sec- 

Crystal Oscillator Operation ond TV camera or video processing system. A complete sync 
525 or 625 Line Operation waveform is produced which begins each field with six serrated 
vertical sync pulses, preceded and followed by six half-width 
double frequency equalizing pulses. The sync output is gated by 
Wide Power Supply Operating Voltage 4V to 15V__sthe master clock to preserve horizontal phase continuity during 

the vertical interval. 


Vertical Reset Option 


Applications The CD22402 can be operated either in “genlock” mode, in 
Cameras which it is synchronized with a reference sync pulse train from 
another TV camera, or in “stand-alone” mode, in which it is syn- 
chronized with a local on-chip crystal oscillator (the crystal and 
CATV two passive components are off chip). Also, the circuit can 
sense the presence or absence of a reference sync pulse train 
and automatically select the “genlock” or “stand-alone” mode. 


Monitors and Displays 


Teletext 
idee Games A frame sync pulse is produced at the beginning of every odd 
Sync Restorer field. The vertical counter can be reset to either the first equalizing 
Video Service Instruments pulse or the first vertical sync pulse of the vertical interval. The 
interlaced sync provided by the CD22402 differs from RS-170 by 


Ordering Information having slightly narrower sync and equalizing pulses. The clock 
frequency of 32 times horizontal rate allows for approximately 4us 


TEMP. horizontal pulse widths and 2us equalizing pulses. Otherwise 
PART NUMBER | RANGE (°C) operation can be phase locked to a color sub-carrier for a full 


CD22402D 55 to 125 |24Ld SBDIP ee | Me Cee eee 


CD22402E 24 Ld PDIP The oo. i “ae with a single supply over a voltage 
range o o 15V. 


Pinout 


CD22402 (PDIP, SBDIP) 
TOP VIEW 


DELAY, GENLOCK TO CRYSTAL OSCILLATOR | 1 | 24] RESISTOR CONNECTION FOR GENLOCK OSCILLATOR 
CRYSTAL OSCILLATOR FEEDBACK TAP | 2 | 23] MASTER FREQUENCY INPUT 

22] R-C CONNECTION FOR GENLOCK OSCILLATOR 

HORIZONTAL DRIVE OUTPUT | 4 | 21] DELAY, GENLOCK TO CRYSTAL OSCILLATOR 

MIXED SYNC OUTPUT | 5 20] GENLOCK INPUT (COMPOSITE SYNC) 
GENLOCK OSCILLATOR CAPACITOR CONNECTION | 6 | 
MIXED BEAM BLANKING OUTPUT 18] 525 LINE TO 625 LINE OPERATION SWITCH 
VERTICAL COUNTER RESET TO FIRST EQUALIZING PULSE | 8 | VERTICAL PROCESSING BLANKING OUTPUT 
VERTICAL DRIVE OUTPUT | 9 | 116] SHORT VERTICAL DRIVE OUTPUT 
VERTICAL RESET TO FIRST VERTICAL SYNC PULSE | 10 15] FRAME SYNC OUTPUT (ODD FIELD) 

HORIZONTAL CLAMP OUTPUT | 11. 14] HORIZONTAL PROCESSING BLANKING OUTPUT 


13, MIXED PROCESSING BLANKING OUTPUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 1 686 3 
Copyright © Harris Corporation 1996 8-62 
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Pin Descriptions 


Crystal Oscillator Feedback Tap. Feedback connection (tap) for crystal oscillator. When a crystal (shunted by 
a 1MQ resistor) is connected between this terminal and Terminal 23, and a 100pF capacitor is connected from 
this terminal to Vg, the sync generator creates its own master frequency. For a 525-line, 30-frame/second ras- 


| PIN'NO. | SYMBOL DESCRIPTION 
ter, the crystal frequency is 504.000kHz (Note 1); and for a 625-line, 25-frame/second raster, the crystal frequen- 


1 XRC Delay, Genlock to Crystal Oscillator. Resistor, diode and capacitor connection for delay that automatically 
turns on the crystal oscillator when the genlock input is removed. When the signal on Terminal 1 is high the crys- 
tal oscillator is inhibited. Typical values for R and C are 1MQ and 0.001p:F. For operation as a crystal controlled 
stand alone sync generator without genlock, Terminal 1 should be hardwired to Vgs. 

2 XTP 
cy is 500.000kHz (Note 1). 

Negative Power Supply Voltage. This terminal must be hardwired to Terminal 12 (Vgs). 
4 HD Horizontal Drive Output 
MS Mixed Sync Output 


C Capacitor Connection for R-C Genlock Oscillator 
MBB Mixed Beam Blanking Output 


VRE Vertical Counter Reset to First Equalizing Pulse. A low level signal on this terminal resets the vertical counter 
to the first equalizing pulse of a field. When not in use this terminal should be connected to Vpp. 


D Vertical Drive Output 


VRV Vertical Counter Reset to First Vertical Sync Pulse. A low level signal on this terminal resets the sync gen- 
erator to the first vertical sync pulse of a field. For genlock operation, Terminal 10 is used as a resistor and ca- 
pacitor connection for an integrator network that detects vertical sync pulses in a master sync waveform to which 
the sync generator is to be genlocked. R is 22kQ, and C is 0.001pF. When not in use this terminal should be 
connected to Vpp. 


Horizontal Clamp Output 
Negative Power Supply Voltage 
Mixed Processing Blanking Output 


Horizontal Processing Blanking Output 


5 


HC 
Vss 
PB 


H 


FS2 Frame Sync Output (Odd Field). A pulse coinciding with the first equalizing pulse is produced at the beginning 


of every odd field. 


Short Vertical Drive Output 
Vertical Processing Blanking Output 


VD 
VPB 
Operation Switch for 525-Line or 625-Line Raster. A high level signal on Terminal 18 causes the sync gener- 
ator to generate a 625-line raster. An internal pulldown resistor is connected to Terminal 18, so in the absence 


18 SW 
of an applied input to this terminal, a 525-line raster is produced. 


Positive Power Supply Voltage. Vpp can be any voltage between +4 and +15 relative to Vss. 


Genlock Input Composite Sync. A negative going reference mixed sync waveform applied to Terminal 20 dis- 


ables the crystal oscillator and locks the R-C genlock oscillator to the horizontal pulses of the reference sync 
22 RC 


S) 


—_— —_— —_ —_s — —_ — — 


waveform. Vertical sync detection is achieved by an R-C integrator connected from Terminal 20 to Terminal 10 
(vertical reset to first vertical sync pulse). An internal pull-up resistor is connected to Terminal 20 so that in the 
absence of an applied input the crystal oscillator is enabled and the R-C genlock oscillator is disabled. 


Delay, Genlock to Crystal Oscillator, Resistor and Diode Connection for Delay, Genlock to Crystal Oscil- 
lator. Automatically turns on the crystal oscillator when the input to Terminal 20 is removed. 


Resistor and Capacitor Connection for Genlock Oscillator. If the genlock oscillator is not used this terminal 


should be connected to Vgg. C should be 100pF, and R should be a 10kQ potentiometer. 


Master Frequency Input. 
| 24] RR Resistor Connection for Genlock Oscillator. 


NOTE: 32 times horizontal frequency. 
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CD22402 


Block Diagram 
CD22402 MONOCHROME TV SYNC GENERATOR WITH AUTOMATIC GENLOCK 
R RC C VRE SW 
vv @ Ot i i 
wy 7 VERTICAL 
HORIZONTAL 
NTER COUNTER 


GENLOCK Cou 
OSCILLATOR +16 +525/625 
7 , 
FIELD 
XR 
AUTOMATIC DECODER 


LINE 
BENLOCK DECODER 
CONTROL 

XRC T i 


COMPOSITE 
DECODER 
XIN 
FRAME 
XTP SYNC 
DECODER 
Vsg = PINS 3 AND 12 a) 17) @AADAD is) (18 (2) G7 
Vpp = PIN 19 HPB HC HD MS MPB MBB FS2. SVD VD VPB 
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CD22402 


Absolute Maximum Ratings 


DC Supply Voltage (Referenced to Vss Terminal)........... 15V 
Input Voltage Range, All Inputs (Notes 2,3) ...... Vss $ Vis Vpp 
DC Input Current, Any One Input (Note 2).............. +10mA 


Operating Conditions 


Temperature Range 
CD2Z2402D .cacccvvecsanansexnsavacensus -55°C to 125°C 
CD22402E gcc ccuccssadasdsawesewaneres -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) Oya (CC/W) 8c (°C/W) 


SOUIP PACKOQE «ois ciicancaween sr 50 10 

POP PaGKA0S . 44: esscuwxeee sanen 50 N/A 
Maximum Junction Temperature (SBDIP Package) ........ 175°C 
Maximum Junction Temperature (PDIP Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Oya is measured with the component mounted on an evaluation PC board in free air. 
2. To prevent damage to the input protection circuit, input signals should never be greater than Vpp nor less than Vgs. Input currents must 


not exceed 10mA even when the power is off. 


3. A connection must be provided at every input terminal. All unused inputs must be connected to Vpp or Vss, whichever is appropriate. 


Electrical Specifications Values at -55°C, 25°C, 125°C Apply to D Package 
Values at -40°C, 25°C, 85°C Apply to E Package 


DC ELECTRICAL SPECIFICATIONS 


Quiescent Device Current 


Output Low (Sink) Current 


Output High (Source) Cur- 
rent 


Output Voltage Low Level 


Output Voltage High Level 


Input Low Voltage 


Input High Voltage 


Vin (Min) | 0.5, 4.5 


Input Current 


Ts a 


TEST 
CONDITIONS 
Vo Vpp 
PARAMETER SYMBOL (Vv) (v) | -55°C | -40°C | 85°C TYP UNITS 


mmr Tf [-][-]- [pape pa 
OL A 
ee 

SN 
Pes | ra [res [er [oo 
ese [ee [ae [oe [0 
fe pe 
Je [om ae [os om fo] 
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pa Tey a 
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-) 
a 


pA 


Refer to the CD4000B Series data book 250.5 for general operating and application considerations. 
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CIRCUITS 


CD22402 


Switching Electrical Specifications T, = 25°C and C, = 15pF. Typical Temperature Coefficient for All Values of Vpp = 0.3%/°C 


TEST 
CONDITIONS 
SYMBOL | Vpp(¥) | (V) TYP UNITS 


PHL 


tTLH aR 


a 


NOTE: 
4. The characteristics given are defined for unbuffered gate in the CMOS process of the CD22402. 


PARAMETER (NOTE 4) 


Output State Propagation Delay Time (50% to 50%) 


Low-to-High Level 
High-to-Low Level 


Output State Transition Time (10% to 90%) 


Low-to-High 


High-to-Low 


Logic Diagram 


VERTICAL DRIVE (VERT. RESET 
TO FIRST VERT. PULSE) 


INTEGRATOR 


GENLOCK 
SYNC HOR. Lf 
1M 
0.001 uF iil , (NOTE 6) 
— ] 
CRYSTAL (23) 
32 TIMES 
HoRiz. JL 
503.496kHz (2) 
100pF HOR. PROCESS CLOCK TO 
i BLANKING COUNTERS 
—_ ee 
NOTES: 


5. Pin 21 high when pin 20 is high (or open). 
6. Pin 1 high inhibits clock. 


FIGURE 1. DETAIL OF THE OSCILLATOR/GENLOCK PORTION OF THE CD22402 
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CD22402 


Timing Waveforms 


MICROSECONDS —*> 0 1.98 3.97 5.95 7.94 9.92 11.90 27.78 31.75 33.73 
504kHz 
OSC. PIN 2 OR6 


MIXED BLANKING 
PIN 13 


HORIZ. DRIVE PIN 4 


MIXED BEAM 
(CATHODE) 
BLANKING 

PIN 7 


HORIZ. CLAMP 
PIN 11 


| | | 
<— 3.9718 —>, 
I = a a 
H. SYNC , | , 


a 1.988 1.988 — 


MIXED SYNC 
PINS } EQUALIZING | | | ! 
PULSE 


llc racmrneneniniiiccinstinasscnsienin IE iii 


V. SYNC ne en ee ee =i 
kK 3.978 >| 


FIGURE 2. SYNC GENERATOR TIMING - 525/60Hz, HORIZONTAL TIMING WAVEFORMS 


— VERTICAL RESET 
EQUALIZING VERTICAL PULSE 
PULSE 
LINE NO ——»> > 


MIXED SYNC == 
PIN 5 TTA ELLA I 


VERT. DRIVE ! 1 


PIN “+ ! ! ! en 
| 


VERTICAL! | | 
PROCESSING '! , | 
| 


| 

| ! | 

| | | 

BLANKING | | =a | 
PIN 17 | | 7 

l 


WIDE BLANKING 


PIN 13 : : IU 


| | | | L<—— 0.19ms — ! | | 
SHORT VERTICAL ™ ; ; os metro 
DRIVE PIN16 , ; ' 
| | | | | | | l | | | 
MIXED BEAM, | " I | | 1 1 1 1 1 
(CATHODE) _— 
BLANKING “| | LI LI LI | LJ LJ LJ LJ LJ 
PIN 7 
FRAME SYNC 
PIN 15 LI 
(ON ALTERNATE FIELDS) 
—>| = 1.988 (NOT TO SCALE) 


FIGURE 3. SYNC GENERATOR TIMING - 525/60Hz, VERTICAL TIMING WAVEFORMS 
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Timing Waveforms (continued) 


MICROSECONDS —> 0 Z 4 6 8 10 12 28 32 
500kHz 
OSC. PIN 2 OR6 


MIXED BLANKING 
PIN 13 


HORIZ. DRIVE PIN 4 


CATHODE 
BLANKING 
PIN 7 


HORIZ. CLAMP on cae trench amscemcesamemen semi senna 
PIN 11 | ! | 
| 1 | 
| = ae teen ere ee cere 
H. SYNC Lf | | be! 


—s 2us 


MIXED SYNC 
PINS | EQUALIZING | | 
PULSE T 


Koide maencirieadaienagh ane 


V. SYNC i ae! 
Pte 


FIGURE 4. SYNC GENERATOR TIMING - 625/50Hz, HORIZONTAL TIMING WAVEFORMS 


VERTICAL RESET TO VERTICAL RESET 


FIRST EQUALIZING TO FIRST 
PULSE VERTICAL PULSE 


LINE NO ———> 


MIXED SYNC o_o 
PIN 5 =n uuuuinnananor U 


VERT. DRIVE ; = 
PIN 9 ' ! | ' — 
| I 


VERTICAL | | I 
PROCESSING | ) 
| 


I | | | 
l I | | 
a ee ee a er a Se aaa aay 
. | 
worse SU 
| 


| I I L~—— 0.194ms ——»y ! 
SHORT VERTICAL ! ! bee at wate 

DRIVE PIN 16 | 

| | I I | I I I I I 

CATHODE ! 
PIN 7 
FRAME SYNC 

PIN 15 LJ = 
(ON ALTERNATE FIELDS) 
—>| |<— 2us (NOT TO SCALE) 


FIGURE 5. SYNC GENERATOR TIMING - 625/50Hz, VERTICAL TIMING WAVEFORMS 


8-68 


CD22402 


Timing Waveforms (continued) 


FIELD NO. 1 LINE 0 LINE 9 
—+ ho FIRST EQUALIZING PULSE | 
' 
ae 1 CLK _— ~ 2 CLKS 


PIN 9 == 6 
a 
l | 
1 | 
! | 
| 
| 


—>| le— 2CLKS >| —— 2CLKS 
FIELD NO. 2 LINE 262-1/2 (312-1/2) LINE 271 (321) 
i ' 
= be 1cLk —= - 1c1K 


a 


SEE NOTES 1, 2 
FIGURE 6. EXPANDED VERTICAL-TIMING WAVEFORM DETAIL OF SYNC GENERATOR TIMING (VERTICAL DRIVE - PIN 9) 


FIELD NO. 1 LINE 0 
—+| ae FIRST EQUALIZING PULSE 


LINE 21 | 


OS 
_— — 1 CLK —~ 2 CLKS 0 
PIN 17 | == = (dp) 
1 | 2e 
1 y q > 
1 | _ O 
1 qc 
7 OO 
—| l<— 2CLKS l<— 2CLKS Le 
FIELD NO. 2 7) 
>| ~~ LINE 262-1/2 (312-1/2) LINE 283 (333) 
PIN 5 en | 
— 1 CLK i 2 CLKS 
PIN 17 = = 


le— 2CLKS in 14CLKS ae 


SEE NOTES 1, 2 


FIGURE 7. EXPANDED VERTICAL-TIMING WAVEFORM DETAIL OF SYNC GENERATOR TIMING (VERTICAL PROCESSING 
BLANKING - PIN 17) 


a 


CD22402 


Timing Waveforms (continued) 


FIELD NO. 1 LINE ‘ LINE 21 
FIRST EQUALIZING PULSE 


ae, Ie 1.cLk —» |+—2CLks 


I 
| 
PIN 13 | 
I 
| 
| 


lg— 1 CLK 
FIELD NO. 2 2 CLKS | a 6 CLKS | 


LINE 262-1/2 (312-1/2) LINE 283 (333) 


1 
1 CLK —p — 2 CLKS 


PIN 13 


SEE NOTES 1, 2 


FIGURE 8. EXPANDED VERTICAL-TIMING WAVEFORM DETAIL OF SYNC GENERATOR TIMING (MIXED PROCESSING 
BLANKING - PIN 13) 


FIELD NO. 1 LINE 3 LINE 6 
| >| 
PIN 5 oo=8 
—>| =—— 2CLKS —m le— 2CLKS 
PIN 16 
| | 
| l 
; 
| 
FIELD NO. 2 
LINE 265-1/2 (315-1/2) LINE 268-1/2 (318-1/2) 
| | 
PIN 5 —=a=8 
PIN 16 
| 
; | 
| | 
| | 
| | 
| 
—| = 2CLKS —>|  ~— 2CLKS 
1 


SEE NOTES 1, 2 


FIGURE 9. EXPANDED VERTICAL-TIMING WAVEFORM DETAIL OF SYNC GENERATOR TIMING 
(SHORT VERTICAL DRIVE - PIN 16) 


CD22402 


Timing Waveforms (continued) 


LINE 2 LINE 3 LINE 6 LINE 7 


imine | oo mie ies 


' 1 CLKS : 14 ' 
1 CLK —= ‘ies 
' 


4 me— 2CLKS 2 CLKS 4CLKS 
ak oa oe 
LINE 265 (315) LINE 265-1/2 (315-1/2) LINE 268-1/2 (318-1/2) LINE 269 (319) 


PINs — cee AU 


1CLK—= be—— 15 CLKS —e> 


| 
| | 
I | 
| 
ja—e| 4CLKS — >| -<— 2CLKS 2CLKS —>| 


SEE NOTES 7, 8 


, 16 CLKS 


NOTES: 
7. Waveforms shown are for 525 line/60Hz, line number in parenthesis are for (625 line/50Hz). 
8. Timing widths by clock count; for 525 line, 1 CLK = 1.98s; for 625 line, 1 CLK = 2us; 1 horizontal period = 32 CLKS. 


FIGURE 10. EXPANDED VERTICAL-TIMING WAVEFORM DETAIL OF SYNC GENERATOR TIMING (MIXED BEAM BLANKING - PIN 7) 


Typical Applications (Refer to Application Note AN8742, for more information) 


Vpp 


HORIZ. PHASE ADu. 


A. 


MIXED SYNC. OR SYNC 
COMPOSITE VIDEO INPUT °}RESTORER 9 HORIZONTAL DRIVE O 
> HORIZONTAL CLAMP re) 
> MIXED BEAM (CATHODE) BLANKING ay 
ig ny ne o>—| 2 MIXED PROCESSING BLANKING =e 
© HORIZONTAL PROCESSING BLANKING qt > 
FROM SHORT 100pF _ O 
VERTICAL ac 
DRIVE 7) O 
© O 
soilless 2 VERTICAL DRIVE uu 
Osc. o. 
FROM POWER LINE ZERO > SHORT VERTICAL DRIVE ” 
FOR LINE-LOCK o-{ CROSSING 
OPERATION |DETECTOR + ieeDeNE 


1MQ Co 
CRYSTAL 


Osc. 
100pF 


> FRAME SYNC OUTPUT (ODD FIELD) 
5 VERTICAL PROCESSING BLANKING OUTPUT 


2 OPERATION SWITCH FOR 525-LINE OR 
625-LINE RASTER 


FIGURE 11. TYPICAL APPLICATION IN A TV CAMERA 
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100kQ 


: 


NEG. HORIZ. SYNC OUT 
(TO PIN 20 - CD22402) 


JLIL 


3.3uF 10kQ 


75Q 


= = 0.0022uF 10kQ POS. HORIZ. SYNC OUT 
0.5 TO 2Vp.p 
VIDEO SIGNAL IN 2MQ 
0.0022uF 
0.0022u.F “LSI 
Vec=+5 © NEG. VERTICAL SYNC OUT 
(TO PIN 10 - CD22402) 
10uF 2kQ 10uF 
CA5470 BIMOS-E QUAD OP AMP 
GND o PIN 4 TO +5V (Vpp) 


PIN 11 TO GND (Vss) 


NOTE: The genlock input to pins 10 and 20 of the CD22402 are direct coupled to the output from Pins 8 and 14 of the CA5470. Refer to 
Application Note AN-8742 for additional information. 


FIGURE 12. SUGGESTED SYNC-SEPARATOR CIRCUIT USING THE CA5470 BIMOS-E QUAD OP AMP IN THE Vpp RANGE 
OF 4V TO 12V 
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HA-2546 


30MHz, Voltage Output, 
Two Quadrant Analog Multiplier 


Gi FARRIS 


SEMICONDUCTOR 


November 1996 


Features 
¢ High Speed Voltage Output 


¢ Low Multiplication error .............. 


e Input Bias Currents 
Signal Input Feedthrough 
Wide Signal Bandwidth 
Wide Control Bandwidth 
Gain Flatness to 5MHz 


Applications 

e Military Avionics 

e Missile Guidance Systems 

¢ Medical Imaging Displays 
Video Mixers 
Sonar AGC Processors 
Radar Signal Conditioning 
Voltage Controlled Amplifier 


Vector Generator 


Pinout 


Simplified Schematic O 

ro) 
HA-2546 an 
(PDIP, CERDIP, SOIC) Ze 
TOP VIEW <> 
40 
<a 
OO 

Lu 

ou 

” 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


Copyright © Harris Corporation 1996 


300V/us 


rrr 1.6% 


Description 


The HA-2546 is a monolithic, high speed, two quadrant, ana- 
log multiplier constructed in the Harris Dielectrically |solated 
High Frequency Process. The HA-2546 has a voltage output 
with a 30MHz signal bandwidth, 300V/us slew rate and a 
17MHz control bandwidth. High bandwidth and slew rate 
make this part an ideal component for use in video systems. 
The suitability for precision video applications is demon- 
strated further by the 0.1dB gain flatness to 5MHz, 1.6% 
multiplication error, -52dB feedthrough and differential inputs 
with 1.2uA bias currents. The HA-2546 also has low differen- 
tial gain (0.1%) and phase (0.1 degree) errors. 


The HA-2546 is well suited for AGC circuits as well as mixer 
applications for sonar, radar, and medical imaging equip- 
ment. The voltage output simplifies many designs by elimi- 
nating the current to voltage conversion stage required for 
current output multipliers. For MIL-STD-883 compliant prod- 
uct, consult the HA-2546/883 datasheet. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


HA1-2546-5 16LdCERDIP |F16.3 


HA1-2546-9 -40to85 |16LdCERDIP |F163 
HA3-2546-5 16 Ld PDIP E16.3 


HA9P2546-5 | 0to65 | 16 Ld SOIC M16.3 


8-73 


File Number 2861.2 


HA-2546 


Absolute Maximum Ratings Thermal Information 
Voltage Between V+ and V- .. 0... cc eee eee eee 35V ‘Thermal Resistance (Typical, Note 1) Qya (CCIW) ®8yo (CCM) 
Ditteraritial Iipeit VONR0G 606 eve wn acs ewesosans ven aun denne 6V CERDIP Package ................ i>) 20 
OE COIN sen ou Sree e hewenan Rhee ese eeew ees +60MA POIP PAChAUG «00.00 ccvessccneans 86 N/A 
SOIC POGHAOG. «ccs knavvdsdanenes 96 N/A 
Operating Conditions Maximum Junction Temperature (CERDIP Package)........ 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Temperature Range : o. Maximum Storage Temperature Range ......... -65°C to 150°C 
HA1-2546-9........ 0.0 c cece cece e enna ees -40°C to 85°C Maxienurn Lead Temperature (Soldering 108) wacsess «ev. 300°C 
HA3-2546-5. 0... cece cece eee e eee eee 0°C to 75°C (SOIC - Lead Tips Only) 
Pa OS nacuaveeade ctkecauen icawdh ones 0°C to 65°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
1. 8ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications = Vsyppyy = +15V, Ry = 1kQ, C, = 50pF, Unless Otherwise Specified 


[——ranaweren | _resvconomons [rawr Cor] ww] We] wax] owe 
MOTPUERPERFORWANGE SSC 


MULTIPLIER PERFORMANCE 


Multiplication Error (Note 2) 


Multiplication Error Drift 


DC to 5MHz, Vx = 2V 
5MHz to 8MHz, Vx = 2V 


THD + N (Note 4) 


Voltage Noise fo = 10Hz, Vx = Vy = OV 
fo = 100HZz, Vx = Vy = OV 
fo = 1kHz, Vx = Vy = OV 


a 
i 


Common Mode Range 
SIGNAL INPUT, Vy 


Input Offset Voltage 


Average Offset Voltage Drift 


Input Bias Current 


Input Offset Current 


Input Capacitance 


Differential Input Resistance 


Small Signal Bandwidth (-3dB) Vx = 2V 
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Electrical Specifications = Vsyppyy = +15V, R, = 1kQ, C, = 50pF, Unless Otherwise Specified (Continued) 


PARAMETER TEST CONDITIONS TEMP (°C) | MIN. | TYP | MAX — UNITS 


O 2} 

< 7) 

s = 

2) 3] 2 

so oD 

a < 

g| Ze 
@ 

—+ 

“ r 

I+ 
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< 

x 
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nD 

<= 

~ nD 


= 
N 


Settling Time (To 0.1%) Vout = t5V, Vx = 2V 


CONTROL INPUT, Vx 


Ww 


Input Offset Voltage 


Average Offset Voltage Drift 


Input Bias Current 


Full 


Full uv 


Full 


Input Offset Current 


Input Capacitance 


Small Signal Bandwidth (-3dB) Vy = 5V, Vx- =-1V 


Feedthrough Note 12 
Common Mode Rejection Ratio Note 13 


Full 


oO — oO 


on 


' 
—_ 


Oo 
< 
14) 
= 
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fe) 
fe} 
mal 
a 
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re) 
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_ 
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Settling Time (To 0.1%) Note 13 


Vz CHARACTERISTICS 


moy — 
oOo; 
a1 3s 
—) ss 


a 
+e) 


co | 


OUTPUT CHARACTERISTICS 


Output Voltage Swing Vx = 2.5V, Vy = +5V | Full fo 
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Electrical Specifications = Vsypp,y = +15V, Ry. = 1kQ, C, = 50pF, Unless Otherwise Specified (Continued) 


PARAMETER TEST CONDITIONS TEMP (°C) | MIN. | TYP | MAX | UNITS 


POWER SUPPLY 


NOTES: 

2. Error is percent of full scale, 1% = 50mV. 
3. fo = 3.58MHZ/4.43MHz, Vy = 300MVp.p, 0 to 1Vp¢ offset, Vx = 2V. 
4. fo = 10kKHz, Vy = 1Vpms, Vx = 2V. 

5. Full Power Bandwidth calculated by equation: FPBW = 
6 

7 

8 


Slew Rate 
2x VPEAK 


» VpEaK= OV. 
. Vy = 0 to +5V, Vy = 2V. 
. Vout = 0 to +100MV, Vx = 2V. 
. Vg = £12V to t15V, Vy = 5V, Vx = 2V. 

9. Guaranteed by characterization and not 100% tested. 

10. See Test Circuit. 

11. fo = S5MHz, Vy = 0, Vy = 200MVpms. 

12. fo = 100kHz, Vy = 0, Vx+ = 200MVpwms, Vx- = -0.5V. 

13. Vy =0 to 2V, Vy = 5V. 

14. Vy =0 to 200mV, Vy = 5V. 


Test Circuits and Waveforms 


FIGURE 1. LARGE AND SMALL SIGNAL RESPONSE TEST CIRCUIT 
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Test Circuits and Waveforms (continued) 


Vertical Scale: 5V/Div.; Horizontal Scale: 50ns/Div. 
Vy LARGE SIGNAL RESPONSE 


OUT 


Vertical Scale: 2V/Div.; Horizontal Scale: 50ns/Div. 
Vx LARGE SIGNAL RESPONSE 


Application Information 


Theory of Operation 


The HA-2546 is a two quadrant multiplier with the following 
three differential inputs; the signal channel, Vy+ and Vy-, 
the control channel, V+ and Vy-, and the summed channel, 
Vz+ and Vz-, to complete the feedback of the output ampli- 
fier. The differential voltages of channel X and Y are con- 
verted to differential currents. These currents are then 
multiplied in a circuit similar to a Gilbert Cell multiplier, pro- 
ducing a differential current product. The differential voltage 
of the Z channel is converted into a differential current which 
then sums with the products currents. The differential “prod- 
uct/sum” currents are converted to a single-ended current 
and then converted to a voltage output by a transimpedance 
amplifier. 


-100mV 


100mV 


-100mV 


Vertical Scale: 100mV/Div.; Horizontal Scale: 50ns/Div. 
Vy SMALL SIGNAL RESPONSE 


500mV 


Vertical Scale: 200mV/Div.; Horizontal Scale: 50ns//Div. 
Vy SMALL SIGNAL RESPONSE 


The open loop transfer equation for the HA-2546 is: 


(Vx4 - Vx-) (Vy4 - Vy-) 
VOUT = A SF - (Vz, - Vz- 


where; 
A = Output Amplifier Open Loop Gain 


SF = Scale Factor 
Vx, Vy, Vz = Differential Inputs 


The scale factor is used to maintain the output of the multi- 
plier within the normal operating range of +5V. The scale fac- 
tor can be defined by the user by way of an optional external 
resistor, Reyx7, and the Gain Adjust pins, Gain Adjust A (GA 
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A), Gain Adjust B (GA B), and Gain Adjust C (GA C). The 
scale factor is determined as follows: 


SF = 2, when GA B is shorted to GA C 


SF = 1.2 Rext, when Rext is connected between 
GA A and GAC (R_eyz is in kQ) 


SF = 1.2 (Rext + 1.667kQ), when Rex is 
connected to GA B and GA C (Reyzt is in kQ) 


The scale factor can be adjusted from 2 to 5. It should be 
noted that any adjustments to the scale factor will affect the 
AC performance of the control channel, Vx. The normal 
input operating range of Vy is equal to the scale factor 
voltage. 


The typical multiplier configuration is shown in Figure 2. The 
ideal transfer function for this configuration is: 


(Vx+ - Vx-) (Vy4 - Vy.) 
2 


VOUT = + Vz., when Vx > OV 


0 , when Vx < OV 


FIGURE 2. 


The Vy. pin is usually connected to ground so that when 
Vx4 is negative there is no signal at the output, i.e. two 
quadrant operation. If the Vy input is a negative going signal 
the Vx, pin maybe grounded and the Vy. pin used as the 
control input. 


The Vy. terminal is usually grounded allowing the Vy, to 
swing +5V. The Vz, terminal is usually connected directly to 
Vout to complete the feedback loop of the output amplifier 
while Vz. is grounded. The scale factor is normally set to 2 
by connecting GA B to GA C. Therefore the transfer equation 
simplifies to Voyt = (Vx Vy) / 2. 


Offset Adjustment 


The signal channel offset voltage may be nulled by using a 
20kQ potentiometer between Vyio Adjust pins A and B and 
connecting the wiper to V-. Reducing the signal channel off- 
set will reduce Vy AC feedthrough. Output offset voltage can 
also be nulled by connecting Vz. to the wiper of a 20kQ 
potentiometer which is tied between V+ and V-. 


Capacitive Drive Capability 


When driving capacitive loads >20pF, a 502 resistor is recom- 
mended between VoyrT and Vz,, using Vz, as the output (see 
Figure 2). This will prevent the multiplier from going unstable. 


Power Supply Decoupling 


Power supply decoupling is essential for high frequency cir- 
cuits. A 0.01p.F high quality ceramic capacitor at each supply 
pin in parallel with a 1pF tantalum capacitor will provide 
excellent decoupling. Chip capacitors produce the best 
results due to the close spacing with which they may be 
placed to the supply pins minimizing lead inductance. 


Adjusting Scale Factor 


Adjusting the scale factor will tailor the control signal, Vy, input 
voltage range to match your needs. Referring to the simplified 
schematic on the front page and looking for the Vy input stage, 
you will notice the unusual design. The internal reference sets 
up a 1.2mA current sink for the Vy differential pair. The control 
signal applied to this input will be forced across the scale factor 
setting resistor and set the current flowing in the Vy, side of the 
differential pair. When the current through this resistor reaches 
1.2mA, all the current available is flowing in the one side and full 
scale has been reached. Normally the 1.67kQ internal resistor 
sets the scale factor to 2V when the Gain Adjust pins B and C 
are connected together, but you may set this resistor to any 
convenient value using pins 16 (GA A) and 15 (GA C) (See 
Figure 3). 
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MULTIPLIER, Voyt =VxVy/2V. 1K 
SCALE FACTOR = 2V 


MULTIPLIER, Vout = VxVy / 5V 1K 
SCALE FACTOR = 5V 


FIGURE 3. SETTING THE SCALE FACTOR 


Typical Applications 


Automatic Gain Control 


In Figure 4 the HA-2546 is configured in a true Automatic 
Gain Control or AGC application. The HA-5127, low noise op 
amp, provides the gain control level to the X input. This level 
will set the peak output voltage of the multiplier to match the 
reference level. The feedback network around the HA-5127 
provides stability and a response time adjustment for the 
gain control circuit. 


This multiplier has the advantage over other AGC circuits, in 
that the signal bandwidth is not affected by the control signal 
gain adjustment. 


v7 
Vout 
4N914 
0 
- > 
+tey HA-5127 


3.3V 


0.1pF ¥ 
yo 


FIGURE 4. AUTOMATIC GAIN CONTROL 


Voltage Controlled Amplifier 


A wide range of gain adjustment is available with the Voltage 
Controlled Amplifier configuration shown in Figure 5. Here 
the gain of the HFA0002 is swept from 20V/V at a control 
voltage of 0.902V to a gain of almost 1000V/V with a control 
voltage of 0.03V. 


Video Fader 


The Video Fader circuit provides a unique function. Here Ch B 
is applied to the minus Z input in addition to the minus Y input. 
In this way, the function in Figure 6 is generated. Viyjx will 
control the percentage of Ch A and Ch B that are mixed 
together to produce a resulting video image or other signal. 


Many other applications are possible including division, 
squaring, square-root, percentage calculations, etc. Please 
refer to the HA-2556 four quadrant multiplier data sheet for 
additional applications. 
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Vout = Ch B + (Ch A - Ch B) Viyix / Scale Factor 
Scale Factor = 2 

Vout = All Ch B; if Viyix = OV 

Vout = All Ch A; if Vigix = 2V (Full Scale) 

Vout = Mix of Ch A and Ch B; if OV < Viyjx < 2V 


FIGURE 6. VIDEO FADER 
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Typical Performance Curves Vg = +15V, Ta = 25°C, See Test Circuit For Multiplier Configuration 


C, = 50pF 


a ZANT] 
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GAIN (dB) 


GAIN (dB) 


E SHIFT (DEGREES) 


HASE SHIFT (DEGREES) 


10K 100K 1M 10M 100M 10K 100K 10M 100M 
FREQUENCY (Hz) eeuaas (Hz) 


FIGURE 7. Vy GAIN AND PHASE vs FREQUENCY FIGURE 8. Vx GAIN AND PHASE vs FREQUENCY 
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FIGURE 9. Vy FEEDTHROUGH vs FREQUENCY FIGURE 10. Vy FEEDTHROUGH vs FREQUENCY = 
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FIGURE 11. VARIOUS Vy FREQUENCY RESPONSES FIGURE 12. VARIOUS Vy FREQUENCY RESPONSES 
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Typical Performance Curves Vg = +15V, Ta = 25°C, See Test Circuit For Multiplier Configuration (Continued) 
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FIGURE 13. VOLTAGE NOISE DENSITY FIGURE 14. Vy OFFSET AND BIAS CURRENT vs TEMPERATURE 


OFFSET VOLTAGE (mV) 
CURRENT (A) 


TEMPERATURE (°C) TEMPERATURE (°C) 


FIGURE 15. OFFSET VOLTAGE vs TEMPERATURE FIGURE 16. Vx OFFSET AND BIAS CURRENT vs TEMPERATURE 
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FIGURE 17. Voyt v8 VsuppLy FIGURE 18. Vy CMRR vs FREQUENCY 
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Typical Performance Curves Vg = +15V, Ty = 25°C, See Test Circuit For Multiplier Configuration (Continued) 
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FIGURE 19. Vx COMMON MODE REJECTION RATIO vs FIGURE 20. PSRR vs FREQUENCY 
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FIGURE 21. SUPPLY CURRENT vs TEMPERATURE FIGURE 22. CMR vs Vsupp.Ly 
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PSRR (dB) 
MULTIPLIER ERROR (%FS) 


TEMPERATURE (°C) Y INPUT (V) 


FIGURE 23. PSRR vs TEMPERATURE FIGURE 24. MULTIPLICATION ERROR vs Vy 
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Typical Performance Curves Vs = +15V, Ta = 25°C, See Test Circuit For Multiplier Configuration (Continued) 


MULTIPLIER ERROR (%FS) 
MULTIPLIER ERROR (%FS) 


Y INPUT (V) X INPUT (V) 


FIGURE 25. FIGURE 26. 
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TEMPERATURE 


0.5 


RL=1K,Vx=2Vpc, Vy=200mVams| | If fl | | || 
Final 
ee 
LUTE TOT ee sope | al 
LT ELT ail 
ae 
Se) ell 
fT TT Es", = OpF ai! 


-55 -25 0 25 50 75 100 125 10K 100K 1M 10M 100M 
TEMPERATURE (°C) FREQUENCY (Hz) 


0.6 
0.4 
0.4 


0.3 


0.2 


GAIN (dB) 


0.2 


MULTIPLICATION ERROR (%) 


0.1 


0.2 


FIGURE 29. MULTIPLICATION ERROR vs TEMPERATURE FIGURE 30. GAIN VARIATION vs FREQUENCY 
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Typical Performance Curves Vs = +15V, Ta = 25°C, See Test Circuit For Multiplier Configuration (Continued) 
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FIGURE 31. SCALE FACTOR vs TEMPERATURE 
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FIGURE 33. SLEW RATE vs TEMPERATURE 
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FIGURE 32. OUTPUT VOLTAGE SWING vs LOAD RESISTANCE 
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FIGURE 34. RISE TIME vs TEMPERATURE 
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FIGURE 35. SUPPLY CURRENT vs SUPPLY VOLTAGE 
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HA-2546 


Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 


79.9 mils x 119.7 mils x 19 mils Type: Nitride (SigN4) over Silox (SiOz, 5% Phos) 
Silox Thickness: 12kA +2 


ne nee Nitride Thickness: 3.5kA +2kA 

Type: Al, 1% Cul ; 

Tiidetice 46m anil TRANSISTOR COUNT: 

87 
Metallization Mask Layout 
HA-2546 
Vrer GND GAA GAC 
2 1 16 15 


14 GAB 


13 Vy+ 
VyioA 4 x 


Vy+ 5 12 Vy- 


11 V+ 
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“econ Om Analog Multiplier 


Features het Description 
e Low Multiplication BO 66kdcahedeebedansne cn 1.6% The HA-2547 isa monolithic, high speed, two quadrant, ana- 
e Input Bias Currents .............000 cece eens 1.2uA og multiplier constructed in Harris’ Dielectrically Isolated 
High Frequency Process. The high frequency performance 
© Ser h) INPUL FOS CIAIQI BE SIME: oie. en mnt ne er of the HA-2547 rivals the best analog multipliers currently 
e Wide Signal Bandwidth................... 100MHZz available including hybrids. 
e Wide Control Bandwidth................... 22MHz The single-ended current output of the HA-2547 has a 
, : 100MHz signal bandwidth (Ry = 50Q) and a 22MHz control 
Applications input bandwidth. High bandwidth and low distortion make this 


part an ideal component in video systems. The suitability for 
precision video applications is demonstrated further by low 
¢ Missile Guidance Systems multiplication error (1.6%), low feedthrough (-50dB), and dif- 
¢ Medical Imaging Displays ferential inputs with low bias currents (1.2uA). The HA-2547 is 
also well suited for mixer circuits as well as AGC applications 
for sonar, radar, and medical imaging equipment. 


e Military Avionics 


e Video Mixers 


Sonar AGC Processors 
° The current output of the HA-2547 allows it to achieve higher 


¢ Radar Signal Conditioning bandwidths than voltage output multipliers. An internal feed- 
¢ Voltage Controlled Amplifier back resistor is provided to give an accurate current-to-volt- 
age conversion and is trimmed to give a full scale output 
voltage of +5V. The HA-2547 is not limited to multiplication 


Ordering Information applications only; frequency doubling and power detection 


are also possible. 
TEMP. 
PART NUMBER | RANGE (°C) 


HA1-2547-5 0 to 75 16 Ld CERDIP F16.3 
HA1-2547-9 -40to85 |16Ld CERDIP F16.3 


e Vector Generator 


Pinout Schematic 


HA-2547 
(CERDIP) 
TOP VIEW 


SPECIAL ANALOG 
CIRCUITS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2 862.2 
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SEMICONDUCTOR 
57MHz, Wideband, Four Quadrant, 


November 1996 Voltage Output Analog Multiplier 


Features 
¢ High Speed Voltage Output 


¢ Low Multiplication Error .............. 


Input Bias Currents 
5MHz Feedthrough 
Wide Y Channel Bandwidth 
Wide X Channel Bandwidth 


Vy O.1GB Gain FiatnesS. cc sccccscccsscnvans 5.0MHz 


Applications 

¢ Military Avionics 

¢ Missile Guidance Systems 

e Medical Imaging Displays 

e Video Mixers 
Sonar AGC Processors 
Radar Signal Conditioning 
Voltage Controlled Amplifier 


Vector Generators 


Pinout 


HA-2556 
(PDIP, CERDIP, SOIC) 
TOP VIEW 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


Copyright © Harris Corporation 1996 


450V/us 


TTT 1.5% 


Description 


The HA-2556 is a monolithic, high speed, four quadrant, 
analog multiplier constructed in the Harris Dielectrically 
Isolated High Frequency Process. The voltage output 
simplifies many designs by eliminating the current-to-voltage 
conversion stage required for current output multipliers. The 
HA-2556 provides a 450V/us slew rate and maintains 
52MHz and 57MHz bandwidths for the X and Y channels 
respectively, making it an ideal part for use in video systems. 


The suitability for precision video applications is demon- 
strated further by the Y Channel 0.1dB gain flatness to 
5.0MHz, 1.5% multiplication error, -50dB feedthrough and 
differential inputs with 8uA bias current. The HA-2556 also 
has low differential gain (0.1%) and phase (0.1°) errors. 


The HA-2556 is well suited for AGC circuits as well as mixer 
applications for sonar, radar, and medical imaging equip- 
ment. The HA-2556 is not limited to multiplication applica- 
tions only; frequency doubling, power detection, as well as 
many other configurations are possible. 


For MIL-STD-883 compliant product consult the HA- 
2556/883 datasheet. 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


HA3-2556-9 -40to85 |16Ld PDIP E16.3 
HA9P2556-9 -40to85 |16Ld SOIC M16.3 
HA1-2556-9 -40to85 |16Ld CERDIP F16.3 


Functional Block Diagram 


NOTE: The transfer equation for the HA-2556 is: 


(Vx+ -Vx-) (Vy4 -Vy-) = SF (Vz4 -Vz-), 
where SF = Scale Factor = 5V; Vx Vy, Vz = Differential Inputs. 
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File Number 2477.4 


HA-2556 


Absolute Maximum Ratings 


Voltage Between V+ and V- Terminals .................... 35V 
Ditterantial INPUT VONAGE... ..ccececvcsewceeeiaacensaznes 6V 
OIE CU, ni nie 0 tb00ekewkuee+s ent esecdeseus +60mA 


Operating Conditions 
Temporature Range «2s iaciesaaveesscwesanses -40°C to 85°C 


Thermal Information 


Thermal Resistance (Typical, Note 1) Qa (CCIW) 8jc (PCW) 


PULP PACKAOS «occ sews save cea e we 77 N/A 

BOIG PACKAGE. -issvesuceenseeans 90 N/A 

CEADIP PACkOge .c25ctseunsn wend 75 20 
Maximum Junction Temperature (Ceramic Package) ....... 175°C 
Maximum Junction Temperature (Plastic Packages) ...... 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............ 300°C 


(SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 


1. ®ya is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsypp,y = +15V, Re = 50Q, Ry = 1kQ, C, = 20pF, Unless Otherwise Specified 


MULTIPLIER PERFORMANCE 


Transfer Function 


Multiplication Error 


Multiplication Error Drift 
Scale Factor 


Linearity Error 


AC CHARACTERISTICS 
Small Signal Bandwidth (-3dB) 


< 
< 
| 
ye) 
fo) 
Oo 
=| 
< 
os 
= 


= -p, Vx = 5V 
x = 200MVp.p, Vy = 5V 
Full Power Bandwidth (-3dB) 10Vp.p 
Slew Rate 
Rise Time 
Overshoot 
To 0.1%, Note 5 
Notes 3, 8 


Notes 3, 8 


Settling Time 

Differential Gain 

Differential Phase 

Vy 0.1dB Gain Flatness 

Vy 0.1dB Gain Flatness 

THD +N 

1MHz Feedthrough 

5MHz Feedthrough 

SIGNAL INPUT (Vx, Vy, Vz) 


Note 4 


Input Offset Voltage 


Average Offset Voltage Drift 


[__araweren | __Testconpmons _[vewe@o] ww [ We [ wax | UNTS | 


Vy = +8V, Full Scale = 3V 
Vy = t4V, Full Scale = 4V 
Vy = +5V, Full Scale = 5V 


200MVp.p, Vx = 5V, Note 8 
200mMVp.p, Vy = 5V, Note 8 


200mVp.p, Other Ch Nulled 
200mVp-.p, Other Ch Nulled 


ziz <= 
om I 
@ @O 
Orn 


= 
<|< 


Vyx4— Vy.) x Vy4- Vy.) 


Vout = al: 5 -(Vz,-Vz.)] 


nN 
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Full 
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ae 


%/°C 
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ae | 3 


nm 
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o1 
N 


MHz 
MHz 
MHz 
V/us 


Qiu 
mM] fh 


= 2° 
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CIRCUITS 


HA-2556 


Electrical Specifications Vsyppyy = +15V, Re = 50Q, R, = 1kQ, C, = 20pF, Unless Otherwise Specified (Continued) 


[___Panaweren | _Testconomons _[veweecy] wn | we [ wax | unis | 
Oe 


Input Offset Current 


uo 


Voltage Noise (Note 9) f= 1kHz | os | 


OUTPUT CHARACTERISTICS 


Output Voltage Swing Note 10 $5.0 


POWER SUPPLY 
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2. Error is percent of full scale, 1% = 50mvV. 

. f= 4.43MHz, Vy = 300mMVp_p, 0 to 1Vp¢ offset, Vx = 5V. 
. f= 10kHz, Vy = 1Vpms, Vx = 5V. 

. Vout = 0 to +4V. 

. Vout = 0 to +100mV. 

. Vg = +£12V to +15V. 

. Guaranteed by characterization and not 100% tested. 

. Vx = Vy = OV. 

. Vx = 5.5V, Vy = +5.5V. 


SCO ON OO ff W 


bh 


Simplified Schematic 
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Application Information 
Operation at Reduced Supply Voltages 


The HA-2556 will operate over a range of supply voltages, 
+5V to +15V. Use of supply voltages below +12V will reduce 
input and output voltage ranges. See “Typical Performance 
Curves” for more information. 


Offset Adjustment 


X and Y channel offset voltages may be nulled by using a 
20K potentiometer between the Vyjo or Vxio adjust pin A 
and B and connecting the wiper to V-. Reducing the channel 
offset voltage will reduce AC feedthrough and improve the 
multiplication error. Output offset voltage can also be nulled 
by connecting Vz- to the wiper of a potentiometer which is 
tied between V+ and V-. 

Capacitive Drive Capability 

When driving capacitive loads >20pF a 50Q resistor should 
be connected between Voyt and Vz+, using Vz+ as the 
output (see Figure 1). This will prevent the multiplier from 
going unstable and reduce gain peaking at high frequencies. 
The 50Q resistor will dampen the resonance formed with the 
capacitive load and the inductance of the output at pin 8. 
Gain accuracy will be maintained because the resistor is 
inside the feedback loop. 


Theory of Operation 


The HA-2556 creates an output voltage that is the product of 
the X and Y input voltages divided by a constant scale factor of 
5V. The resulting output has the correct polarity in each of the 
four quadrants defined by the combinations of positive and neg- 
ative X and Y inputs. The Z stage provides the means for nega- 
tive feedback (in the multiplier configuration) and an input for 
summation into the output. This results in the following equa- 
tion, where X, Y and Z are high impedance differential inputs. 


FIGURE 1. DRIVING CAPACITIVE LOAD 


Yout= Xx0 “2 

To accomplish this the differential input voltages are first con- 
verted into differential currents by the X and Y input transcon- 
ductance stages. The currents are then scaled by a constant 
reference and combined in the multiplier core. The multiplier 
core is a basic Gilbert Cell that produces a differential output 
current proportional to the product of X and Y input signal cur- 
rents. This current becomes the output for the HA-2557. 


The HA-2556 takes the output current of the core and feeds 
it to a transimpedance amplifier, that converts the current to 
a voltage. In the multiplier configuration, negative feedback 
is provided with the Z transconductance amplifier by con- 
necting VoyT to the Z input. The Z stage converts Voyt toa 
current which is subtracted from the multiplier core before 
being applied to the high gain transimpedance amp. The Z 
stage, by virtue of it’s similarity to the X and Y stages, also 
cancels second order errors introduced by the dependence 
of Vee on collector current in the X and Y stages. 


The purpose of the reference circuit is to provide a stable cur- 
rent, used in setting the scale factor to 5V. This is achieved 
with a bandgap reference circuit to produce a temperature 
stable voltage of 1.2V which is forced across a NiCr resistor. 
Slight adjustments to scale factor may be possible by overrid- 
ing the internal reference with the Vref pin. The scale factor 
is used to maintain the output of the multiplier within the nor- 
mal operating range of t5V when full scale inputs are applied. 


The Balance Concept 
The open loop transfer equation for the HA-2556 is: 


(Vy Vy.) xX (Vy -Vy.) 
Daag hae i, 
where; 
A = Output Amplifier Open Loop Gain 
Vx, Vy, Vz = Differential Input Voltages 
5V = Fixed Scaled Factor 


An understanding of the transfer function can be gained by 
assuming that the open loop gain, A, of the output amplifier 
is infinite. With this assumption, any value of Voyt can be 
generated with an infinitesimally small value for the terms 
within the brackets. Therefore we can write the equation: 


(Vy, Vx.) x (Vy, Vy.) 
alma wae a, 


which simplifies to: 


(Vy, Vx) x (Vy, Vy.) = 5V (Vz, -Vz.) 


This form of the transfer equation provides a useful tool to 
analyze multiplier application circuits and will be called the 
Balance Concept. 


Typical Applications 


Let’s first examine the Balance Concept as it applies to the 
standard multiplier configuration (Figure 2). 


Vout 


FIGURE 2. MULTIPLIER 


8-91 


10) 
a 
$e 
<q 25 
1 O 
—< & 
OO 
Wu 
oO. 
” 
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Signals A and B are input to the multiplier and the signal W 
is the result. By substituting the signal values into the Bal- 
ance equation you get: 


(A) x (B) = 5(W) 


And solving for W: 
_AxB 
=e 


Notice that the output (W) enters the equation in the feed- 
back to the Z stage. The Balance Equation does not test for 
stability, so remember that you must provide negative feed- 
back. In the multiplier configuration, the feedback path is 
connected to V7+ input, not Vz-. This is due to the inversion 
that takes place at the summing node just prior to the output 
amplifier. Feedback is not restricted to the Z stage, other 
feedback paths are possible as in the Divider Configuration 
shown in Figure 3. 


HA-2556 


FIGURE 3. DIVIDER 


Inserting the signal values A, B and W into the Balance 
Equation for the divider configuration yields: 


(-W) (B) = 5Vx (-A) 


Solving for W yields: 
_ 5A 
Wee 


Notice that, in the divider configuration, signal B must remain 
20 (positive) for the feedback to be negative. If signal B is 
negative, then it will be multiplied by the Vy. input to produce 
positive feedback and the output will swing into the rail. 


Signals may be applied to more than one input at a time as 
in the Squaring configuration in Figure 4: 


Here the Balance equation will appear as: 


(A) x (A) = 5(W) 


HA-2556 


FIGURE 4. SQUARE 


Which simplifies to: 


The last basic configuration is the Square Root as shown in 
Figure 5. Here feedback is provided to both X and Y inputs. 


HA-2556 


FIGURE 5. SQUARE ROOT (FOR A > 0) 


The Balance equation takes the form: 


(W) x (-W) = 5(-A) 


Which equates to: 
W = J5A 


The four basic configurations (Multiply, Divide, Square and 
Square Root) as well as variations of these basic circuits 
have many uses. 


Frequency Doubler 


For example, if ACos(wt) is substituted for signal A in the 
Square function, then it becomes a Frequency Doubler and 
the equation takes the form: 


(ACos(@t)) x (ACos(wt)) = 5(W) 


And using some trigonometric identities gives the result: 


A2 
W = 70°" + Cos(2MT)) 


Square Root 


The Square Root function can serve as a precision/wide 
bandwidth compander for audio or video applications. A 
compander improves the Signal to Noise Ratio for your sys- 
tem by amplifying low level signals while attenuating or 
compressing large signals (refer to Figure 17; X~-Y curve). 
This provides for better low level signal immunity to noise 
during transmission. On the receiving end the original signal 
may be reconstructed with the standard Square function. 


Communications 


The Multiplier configuration has applications in AM Signal 
Generation, Synchronous AM Detection and Phase Detec- 
tion to mention a few. These circuit configurations are shown 
in Figures 6, 7 and 8. The HA-2556 is particularly useful in 
applications that require high speed signals on all inputs. 
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CCos(wct) Vy+ = ; 
—_+ 
Carrier 


AF (Cos (we - W,)Tt + COos(Wo + Wy)T) 


BEUEE 6. AM SIGNAL GENERATION 


Vx+ HA-2556 


AM Signal Vout 


Carrier 


LIKE THE FREQUENCY DOUBLER YOU GET AUDIO CENTERED AT DC 
AND 2F¢. 


FIGURE 7. SYNCHRONOUS AM DETECTION 


Vv HA-2556 
ACos(wt) xt Vout 


ACos(wt+) Vy+ 
wenn ened Y 
Vy- 
A2 
W = 79 (COs(d) + Cos(2mt + >)) 


DC COMPONENT IS PROPORTIONAL TO COS(f) 
FIGURE 8. PHASE DETECTION 


Each input X, Y and Z has similar wide bandwidth and input 
characteristics. This is unlike earlier products where one 
input was dedicated to a slow moving control function as is 
required for Automatic Gain Control. The HA-2556 is versa- 
tile enough for both. 


Although the X and Y inputs have similar AC characteristics, 
they are not the same. The designer should consider input 
parameters such as small signal bandwidth, AC feedthrough 
and 0.1dB gain flatness to get the most performance from 
the HA-2556. The Y channel is the faster of the two inputs 
with a small signal bandwidth of typically 57MHz verses 
52MHz for the X channel. Therefore in AM Signal Genera- 
tion, the best performance will be obtained with the Carrier 
applied to the Y channel and the modulation signal (lower 
frequency) applied to the X channel. 


Scale Factor Control 


The HA-2556 is able to operate over a wide supply voltage 
range +5V to +17.5V. The +5V range is particularly useful in 
video applications. At +5V the input voltage range is reduced 
to +1.4V. The output cannot reach its full scale value with this 


restricted input, so it may become necessary to modify the 
scale factor. Adjusting the scale factor may also be useful 
when the input signal itself is restricted to a small portion of 
the full scale level. Here we can make use of the high gain 
output amplifier by adding external gain resistors. Generat- 
ing the maximum output possible for a given input signal will 
improve the Signal to Noise Ratio and Dynamic Range of the 
system. For example, let's assume that the input signals are 
1VpeEaK each. Then the maximum output for the HA-2556 
will be 200mV. (1V x 1V)/(5V) = 200mvV. It would be nice to 
have the output at the same full scale as our input, so let’s 
add a gain of 5 as shown in Figure 9. 


Vx+ HA-2556 Vout 


Re 
ExternalGain = Fay 
Re 


FIGURE 9. EXTERNAL GAIN OF 5 


One caveat is that the output bandwidth will also drop by this 
factor of 5. The multiplier equation then becomes: 


w = 22° = AxB 


Current Output 


Another useful circuit for low voltage applications allows the 
user to convert the voltage output of the HA2556 to an output 
current. The HA-2557 is a current output version offering 
100MHz of bandwidth, but its scale factor is fixed and does not 
have an output amplifier for additional scaling. Fortunately the 
circuit in Figure 10 provides an output current that can be 
scaled with the value of Rconvert and provides an output 
impedance of typically 1M&2. The equation for Ioy7 becomes: 


_ AxB . 1 
OUT 5 “Roonvert 
Video Fader 


The Video Fader circuit provides a unique function. Here Ch B 
is applied to the minus Z input in addition to the minus Y input. 
In this way, the function in Figure 11 is generated. Vayjyx will 
control the percentage of Ch A and Ch B that are mixed 
together to produce a resulting video image or other signal. 


HA-2556 
Vx+ Vout RconveRT 


lout 


FIGURE 10. CURRENT OUTPUT 
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The Balance equation looks like: 
(Vix) x (ChA - ChB) = 5(Voy7- ChB) 


Which simplifies to: 


VIX 
5 


Voyr = ChB +—-"(ChA - ChB) 

When Vix is OV the equation becomes Voyt = Ch B and 
Ch A is removed, conversely when Viyjx is 5V the equation 
becomes Voyt = Ch A eliminating Ch B. For Viyjjx values 
OV < Viyix < 5V the output is a blend of Ch A and Ch B. 


(0 


V to 5V) 


FIGURE 11. VIDEO FADER 


Other Applications 


As shown above, a function may contain several different 
operators at the same time and use only one HA-2556. 
Some other possible multi-operator functions are shown in 
Figures 12, 13 and 14. 


Of course the HA-2556 is also well suited to standard multi- 
plier applications such as Automatic Gain Control and Volt- 
age Controlled Amplifier. 


A HA-2556 
> . Vx+ 


W = 5(A2-B2) 


95K 


R and Ro set scale to 1V/%, other scale factors possible. 
ForA OV 
FIGURE 13. PERCENTAGE DEVIATION 


HA-2556 


FIGURE 14. DIFFERENCE DIVIDED BY SUM (For A+ B>0V)S 


Automatic Gain Control 


Figure 15 shows the HA-2556 configured in an Automatic 
Gain Control or AGC application. The HA-5127 low noise 
amplifier provides the gain control signal to the X input. This 
control signal sets the peak output voltage of the multiplier to 
match the preset reference level. The feedback network 
around the HA-5127 provides a response time adjustment. 
High frequency changes in the peak are rejected as noise or 
the desired signal to be transmitted. These signals do not 
indicate a change in the average peak value and therefore 
no gain adjustment is needed. Lower frequency changes in 
the peak value are given a gain of -1 for feedback to the con- 
trol input. At DC the circuit is an integrator automatically 
compensating for Offset and other constant error terms. 


This multiplier has the advantage over other AGC circuits, in 
that the signal bandwidth is not affected by the control signal 
gain adjustment. 


HA-2556 


1N914 


5kQ 5.6V 


HA-5127 


0.1pF 
vv 


FIGURE 15. AUTOMATIC GAIN CONTROL 
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HFA0002 


FIGURE 16. VOLTAGE CONTROLLED AMPLIFIER 


Voltage Controlled Amplifier 


A wide range of gain adjustment is available with the Voltage 
Controlled Amplifier configuration shown in Figure 16. Here 
the gain of the HFAO002 can be swept from 20V/V to a gain 
of almost 1000V/V with a DC voltage from OV to 5V. 


Wave Shaping Circuits 


Wave shaping or curve fitting is another class of application 

for the analog multiplier. For example, where a nonlinear 
sensor requires corrective curve fitting to improve linearity 
the HA-2556 can provide nonintegral powers in the range 1 
to 2 or nonintegral roots in the range 0.5 to 1.0 (refer to Ref- 
erences). This effect is displayed in Figure 17. 


1 

0.8 

0.6 

0.4 

0.2 
0 0.2 0.4 0.6 0.8 1 


INPUT (V) 
FIGURE 17. EFFECT OF NONINTEGRAL POWERS / ROOTS 


OUTPUT (V) 


A multiplier can’t do nonintegral roots “exactly”, but it can 
yield a close approximation. We can approximate noninte- 
gral roots with equations of the form: 


_ 2 

V5 = (1 — a)VAy + aViny 
= 1 

Vy 2 {7 — a) V2 + aVin 


Figure 18 compares the function Vout = Vine to the 
approximation VoytT = 0.5Vino? + 0.5Vjn. 


1 
0.8 
0.6 


0.5X9-54 0.5X 
0.4 


OUTPUT (V) 


0.2 


INPUT (V) 


FIGURE 18. COMPARE APPROXIMATION TO NONINTEGRAL 
ROOT 


This function can be easily built using an HA-2556 and a poten- 
tiometer for easy adjustment as shown in Figures 19 and 20. If 
a fixed nonintegral power is desired, the circuit shown in Figure 
21 eliminates the need for the output buffer amp. These circuits 
approximate the function vin where M is the desired noninte- 
gral power or root. 


HA-2556 


0.5<M<1.0 
OV<Vin<s1V 


FIGURE 19. NONINTEGRAL ROOTS - ADJUSTABLE 


HA-5127 
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1.0<M<2.0 
OV < Vin < 1V 


Vout 


HA-5127 


FIGURE 20. NONINTEGRAL POWERS - ADJUSTABLE 


1.2<M<2.0 
OV < Vin < 1V 


Rg 


FIGURE 21. NONINTEGRAL POWERS - FIXED 


1(Rg yi iz | Ro y 
V = =|=~ +1 +|—— +1 | ——— 
OUT il IN* 1A, R, +R, |" IN 
R R 
3 4 
1 a=|}=—-+1 
Osa) aa 


ROOTS - FIGURE 19 POWERS - FIGURE 20 
a ee ee ee 


Sine Function Generators 


Similar functions can be formulated to approximate a SINE 
function converter as shown in Figure 22. With a linearly chang- 
ing (OV to 5V) input the output will follow 0 degrees to 90 
degrees of a sine function (OV to 5V) output. This configuration 
is theoretically capable of +2.1% maximum error to full scale. 


By adding a second HA-2556 to the circuit an improved fit may 
be achieved with a theoretical maximum error of 0.5% as 
shown in Figure 23. Figure 23 has the added benefit that it will 
work for positive and negative input signals. This makes a con- 
venient triangle (+5V input) to sine wave (+5V output) converter. 
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FIGURE 22. SINE-FUNCTION GENERATOR 


(1 -0.1284V,,)) fe tn 
Vout = Vin@o,6082— 0.05Vix) (5 | 3) 


for; OV < Vin < 5V Max Theoretical Error = 2.1%FS 


where: 
0.6082 = 4 ' 50.1284) = — 2 
Ra+R, R,+Ro, 
5(0.05) = Re 
Re + Re 


xt 
Vout 
x Vout . 
VIN 
: HA-2556 5.71K 
10K 


FIGURE 23. BIPOLAR SINE-FUNCTION GENERATOR | 


| 
OUT ~ 3.18167 + 0.0177919V2 2 5 


for; -5V < Vin < 5V Max Theoretical Error = 0.5%FS 
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Typical Performance Curves 
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_ Vy = +100mV PULSE 
Vx = +4V PULSE Vx = 5Vpc 


Vy = 5Vpc 


Ips Ons 250ns 500ns 


Ons 500ns 
50mV/DIV.; 50ns/DIV. 


2V/DIV.; 100ns/DIV. 


FIGURE 28. LARGE SIGNAL RESPONSE FIGURE 29. SMALL SIGNAL RESPONSE 


8-97 


HA-2556 


Typical Performance Curves (Continued) 


Y CHANNEL = 10Vp.p 
X CHANNEL = 5Vpc 
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10K 100K 


FREQUENCY (Hz) 


FIGURE 30. Y CHANNEL FULL POWER BANDWIDTH 


GAIN (dB) 
So 


100K 10M 
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FIGURE 32. X CHANNEL FULL POWER BANDWIDTH 
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FIGURE 34. Y CHANNEL BANDWIDTH vs X CHANNEL 
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FIGURE 31. Y CHANNEL FULL POWER BANDWIDTH 
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FIGURE 33. X CHANNEL FULL POWER BANDWIDTH 
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FIGURE 35. X CHANNEL BANDWIDTH vs Y CHANNEL 
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Typical Performance Curves (continued) 
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FIGURE 36. Y CHANNEL CMRR vs FREQUENCY 
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FIGURE 38. FEEDTHROUGH vs FREQUENCY 


OFFSET VOLTAGE (mV) 


TEMPERATURE (°C) 


FIGURE 40. OFFSET VOLTAGE vs TEMPERATURE 
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FIGURE 37. X CHANNEL CMRR vs FREQUENCY 
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FIGURE 39. FEEDTHROUGH vs FREQUENCY 
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FIGURE 41. INPUT BIAS CURRENT (Vx, Vy, Vz) vs 
TEMPERATURE 
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Typical Performance Curves (Continued) 
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FIGURE 42. SCALE FACTOR ERROR vs TEMPERATURE 
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SUPPLY VOLTAGE (+V) 


FIGURE 44. INPUT COMMON MODE RANGE vs SUPPLY 
VOLTAGE 
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FIGURE 43. INPUT VOLTAGE RANGE vs SUPPLY VOLTAGE 
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FIGURE 45. SUPPLY CURRENT vs SUPPLY VOLTAGE 
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FIGURE 46. OUTPUT VOLTAGE vs Rioap 
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Die Characteristics 


DIE DIMENSIONS: TRANSISTOR COUNT: 
71 mils x 100 mils x 19 mils 84 

METALLIZATION: SUBSTRATE POTENTIAL: 
Type: Al, 1% Cu \- 
Thickness: 16kA +2kA 

PASSIVATION: 


Type: Nitride (SigN4) over Silox (SiOo, 5% Phos) 
Silox Thickness: 12kA +2 
Nitride Thickness: 3.5kA +2kA 


Metallization Mask Layout 
HA-2556 


VREF GND Vxi0A =: Vx10B 
(2) (1) (16) (15) 


VyioB 
(3) 


VyioA 
(4) 


Vyx+ 
(13) 
Vy+ Vx- 
(5) (12 
Vy- 
(6) 


V+ 
(11) 


(7) = (8) (9) (10) 
V- Vout Vz+ Ve 
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a ~130MHz, Four Quadrant, 
Current Output Analog Multiplier 


tt Ports 


November 1996 


Features Description 


¢ Low Multiplication Error .............00 eee 1.5% The HA-2557 is a monolithic, high speed, four quadrant, 
analog multiplier constructed in Harris’ Dielectrically Isolated 
High Frequency Process. The single-ended current output of 
Y Input Feedthrough at 5MHz the HA-2557 has a 130MHz signal bandwidth (Ry = 50). 
High bandwidth and low distortion make this part an ideal 
component in video systems. 


¢ Input Bias Currents 


Wide Y Channel Bandwidth 


Wide X Channel Bandwidth The suitability for precision video applications is demon- 


. strated further by low multiplication error (1.5%), low 
Applications feedthrough (-50dB), and differential inputs with low bias cur- 
rents (8A). The HA-2557 is also well suited for mixer cir- 
cuits as well as AGC applications for sonar, radar, and 
Medical Imaging Displays medical imaging equipment. 


e Military Avionics 


Video Mixers The current output of the HA-2557 allows it to achieve higher 
bandwidths than voltage output multipliers. Full scale output 
current is trimmed to 1.6mA. An internal 2500Q feedback 
Radar Signal Conditioning resistor is also provided to accurately convert the current, if 

2 desired, to a full scale output voltage of +4V. The HA-2557 is 
Voltage Controlled Amplifier not limited to multiplication applications only; frequency dou- 
Vector Generator bling and power detection are also possible. 


For MIL-STD-883 compliant product consult the HA-2557/883 
datasheet. 


Sonar AGC Processors 


Ordering Information 


TEMP. 
PART NUMBER | RANGE (°C) 


HA3-2557-9 -40to85 |16Ld PDIP E16.3 
HA9P2557-9 -40to85 |16Ld SOIC M16.3 


Pinout Schematic 


HA-2557 
(PDIP, SOIC) 
TOP VIEW 


GND VyioA 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2478 5 
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SEMICONDUCTOR 


HA7210, HA7211 


10kHz to 10MHz, Low Power Crystal Oscillator 


aD 


November 1996 


Features Description 


e Single Supply Operation at 32kHz 


¢ Operating Frequency Range 


¢ Supply Current at 32kHz 


Supply Current at 1MHz 
Drives 2 CMOS Loads 
Only Requires an External Crystal for Operation 


Two Pinouts Available 


Applications 


¢ Battery Powered Circuits 


¢ Remote Metering 


Embedded Microprocessors 


Palm Top/Notebook PC 


Related Literature 


- AN9334, Improving HA7210 Start-Up Time 


Pinouts 


Vpop L1 
OSC IN | 2] 


OSC OUT | 3) 


Vss [4] 


OSC OUT | 1. 
ENABLE | 2 
FREQ 1 | 3 

Vss [4, 


HA7210 


(PDIP, SOIC) 


TOP VIEW 


HA7211 
(SOIC) 
TOP VIEW 


2V to 7V 


10kHz to 10MHz 


|8} ENABLE 
FREQ 2 
16 | FREQ 1 


| 5] OUTPUT 


|8| OSC IN 
FREQ 2 
16] Vpp 


| 5 | OUTPUT 


The HA7210 and HA7211 are very low power crystal-controlled 
oscillators that can be externally programmed to operate 
between 10kHz and 10MHz. For normal operation it requires 
only the addition of a crystal. The part exhibits very high stabil- 
ity over a wide operating voltage and temperature range. 


The HA7210 and HA7211 also feature a disable mode that 
switches the output to a high impedance state. This feature 
is useful for minimizing power dissipation during standby and 
when multiple oscillator circuits are employed. 


Ordering Information 


PART NUMBER TEMP. 
(BRAND) RANGE (°C) PACKAGE 
HA7210IP -40to85 |8LdPDIP 
HA7210IB -40to85 |8LdSOIC M8.15 
(H72101) 
HA7210Y -40 to 85 DIE 


HA72141B -40to85 |8Ld SOIC M8.15 


(H721 11) 
Typical Application Circuits 


J 
32.768kHz = | 
CRYSTAL 6 


32.768kHz 
5. * CLOCK 


32.768kHz MICROPOWER CLOCK OSCILLATOR 


32.768kHz CRYSTAL 


NC (NOTE 1) 


, 32.768kHz 


NOTE: 
1. Internal pull-up resistors provided for both HA7210 and HA7211. 


SPECIAL ANALOG 
CIRCUITS 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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3389.6 


File Number 


HA7210, HA7211 


Simplified Block Diagram (HA7210) 


» Yop 
1 my (NOTE 2) 

8 

ENABLE ‘ 
EXTERNAL CRYSTAL 
OSC IN 2 3 OSC OUT 
Rr 
4 P< See a SS SS Si -=— = 
Yop 1 15pF OS! : Tt 
I |-o A oo 
Si1B Sic 
Vpp - 1.4V —»> 
” |} Mone. 
RN LEVEL 
De asia 
ne a ma 
Vpp - 3.8V —> BUFFER AMP ’ rs 
IBIAS é 
DECODE 
Vop $ V —— 

6 (NOTE 2) 

FREQ 1 
Vop 
(NOTE 2) 

7 

FREQ 2 
OSCILLATOR 


FREQUENCY SELECTION TRUTH TABLE 


10kHz - 100kHz 
100kHz - 1MHz 


1MHz - 5MHz 
5MHz - 10MHz+ 
High Impedance 


2. Logic input pull-up resistors are constant current source of 0.4yA. 
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Absolute Maximum Ratings Thermal Information 
SREY MAO kc bore oe knnwnl Snes as Geieau ew ices ed He 10V Thermal Resistance (Typical, Note 4) 8ja (°C/W) 
Voltage (any pin)................e eee Vss-0.3V to Vpp+0.3V PDIP Package........... ccc cee ee eee ee eee 125 
ESD Rating SOIC PaCades socuxa s been ote ese bodesnves 170 
Human Body Model (Per MIL-STD-883 Method 3015.7) .. 4000V Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range ......... -65°C to 150°C 


Operating Conditions Maximum Lead Temperature (Soldering 10s)............ 300°C 
Temperature Range (Note 3).................. -40°C to 85°C (SOIC - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 
3. This product is production tested at 25°C only. 
4. @ja is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vss = GND, T, = 25°C, Unless Otherwise Specified 


PARAMETER TEST CONDITIONS | MIN | TYP | MAX | 


Vpp Supply Range fosc = 32kHz ee] Fr 
lbp Supply Current fosc = 32kHz, EN = 0 (Standby) | - | 5.0 | 90 | 


fosc = 32kHz, Cy = 10pF (Note 5), 5.2 | 10.2 
EN = 1, Freq = 1, Freq2 = 1 


fosc = 32kHz, C, = 40pF, EN = 1, 
Freqi = 1, Freq2 = 1 


fosc = 1MHz, C, = 10pF (Note 5), 
EN = 1, Freqi = 0, Freq2 = 1 


fosc = 1MHz, C, = 40pF, EN = 1, 
Freq = 0, Freq2 = 1 


all 
oO 
_ 
oa 


—s 
ié) 
(oe) 
Nh 
o) 
fo) 


ine) 
ba | 
i=) 
Ww 
oa 
i=) 


Von Output High Voltage 


lout =-1mA 


VouT < 0.4V 


. 
oO 
~s 


Vo Output Low Voltage 
lo Output High Current 


lout = 1mA 


Vout = OV, 5V, Ta = 25°C, -40°C 


Io, Output Low Current 


Three-State Leakage Current 


< 
fe) 
Cc 
a4 
| 
ro) 
< 
oy) 
< 


lin Enable, Freqi, Freq2 Input Current 
Vin Input High Voltage Enable, Freq1, Freq2 


= 
Zz 
] 
< 
n 
o 
S 
< 
o 
0 


Vi_ Input Low Voltage Enable, Freq1, Freq2 


2) 
p 

>" 

I 
fe) 
oa 
fe) 
7) 


(2) aig] =| = © wk SS 


Enable Time = 18pF, Ry = 1kQ 
Disable Time CL = 18pF, Ry = 1kQ 
trp Output Rise Time 10% - 90%, fosc = 32kHz, C, = 40pF 
te Output Fall Time 10% - 90%, fosc = 32kHz, Cy = 40pF 


Duty Cycle, Packaged Part Only (Note 6) C. = 40pF, fosc = 1MHz 
Duty Cycle, (See Typical Curves) C, = 40pF, fosc = 32kHz 


Frequency Stability vs Supply Voltage 
Frequency Stability vs Temperature 
Frequency Stability vs Load 


NOTES: 
5. Calculated using the equation Ipp = Ipp (No Load) + (Vpp) (fosc)(CL) 
6. Duty cycle will vary with supply voltage, oscillation frequency, and parasitic capacitance on the crystal pins. 


Ni hm 
arn 
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Test Circuit 


0.1uF 


1Vp.p | | 


FIGURE 1. 


In production the HA7210 is tested with a 32kHz and a 
1MHz crystal. However for characterization purposes data 
was taken using a sinewave generator as the frequency 
determining element, as shown in Figure 1. The 1Vp_p input 
is a smaller amplitude than what a typical crystal would gen- 
erate so the transitions are slower. In general the Generator 
data will show a “worst case” number for Ipp, duty cycle, and 
rise/fall time. The Generator test method is useful for testing 
a variety of frequencies quickly and provides curves which 
can be used for understanding performance trends. Data for 
the HA7210 using crystals has also been taken. This data 
has been overlaid onto the generator data to provide a refer- 
ence for comparison. 


Application Information 


Theory Of Operation 


The HA7210 and HA7211 are Pierce Oscillators optimized 
for low power consumption, requiring no external compo- 
nents except for a bypass capacitor and a Parallel Mode 
Crystal. The Simplified Block Diagram shows the Crystal 
attached to pins 2 and 3, (HA7210) the Oscillator input and 
output. The crystal drive circuitry is detailed showing the 
simple CMOS inverter stage and the P-channel device being 
used as biasing resistor Re. The inverter will operate mostly 
in its linear region increasing the amplitude of the oscillation 
until limited by its transconductance and voltage rails, Vpp 
and Vr_n. The inverter is self biasing using Rg to center the 
oscillating waveform at the input threshold. Do not interfere 
with this bias function with external loads or excessive leak- 
age on pin 2 for HA7210, pin 8 for HA7211. Nominal value 
for Re is 17MQ in the lowest frequency range to 7MQ in the 
highest frequency range. 


The HA7210 and HA7211 optimizes its power for 4 fre- 
quency ranges selected by digital inputs Freq! and Freq2 as 
shown in the Block Diagram. Internal pull up resistors (con- 
stant current 0.4uA) on Enable, Freqi and Freq2 allow the 
user simply to leave one or all digital inputs not connected 
for a corresponding “1” state. All digital inputs may be left 
open for 10kHz to 100kHz operation. 


A current source develops 4 selectable reference voltages 
through series resistors. The selected voltage, Vpn, is buff- 
ered and used as the negative supply rail for the oscillator 
section of the circuit. The use of a current source in the refer- 
ence string allows for wide supply variation with minimal 
effect on performance. The reduced operating voltage of the 


oscillator section reduces power consumption and limits 
transconductance and bandwidth to the frequency range 
selected. For frequencies at the edge of a range, the higher 
range may provide better performance. 


The OSC OUT waveform on pin 3 for HA7210 (pin 1 for 
HA7211) is squared up through a series of inverters to the 
output drive stage. The Enable function is implemented with 
a NAND gate in the inverter string, gating the signal to the 
level shifter and output stage. Also during Disable the output 
is set to a high impedance state useful for minimizing power 
during standby and when multiple oscillators are OR’ed to a 
single node. 


Design Considerations 


The low power CMOS transistors are designed to consume 
power mostly during transitions. Keeping these transitions 
short requires a good decoupling capacitor as close as pos- 
sible to the supply pins 1 and 4 for HA7210, pins 4 and 6 for 
HA7211. A ceramic 0.1puF is recommended. Additional sup- 
ply decoupling on the circuit board with 1pF to 10puF will fur- 
ther reduce overshoot, ringing and power consumption. The 
HA7210, when compared to a crystal and inverter alone, will 
speed clock transition times, reducing power consumption of 
all CMOS circuitry run from that clock. 


Power consumption may be further reduced by minimizing the 
Capacitance on moving nodes. The majority of the power will 
be used in the output stage driving the load. Minimizing the 
load and parasitic capacitance on the output, pin 5, will play 
the major role in minimizing supply current. A secondary 
source of wasted supply current is parasitic or crystal load 
Capacitance on pins 2 and 3 for HA7210, pins 1 and 8 for 
HA7211. The HA7210 is designed to work with most available 
crystals in its frequency range with no external components 
required. Two 15pF capacitors are internally switched onto 
crystal pins 2 and 3 on the HA7210 to compensate the oscilla- 
tor in the 10kHz to 100kHz frequency range. 


The supply current of the HA7210 and HA7211 may be 
approximately calculated from the equation: 


IDp = |pp(Disabled) + Vpp x fosc x CL 


where: Ipp = Total supply current 
Vpp = Total voltage from Vpp (pin1) to Vss (pin4) 
fosc = Frequency of Oscillation 
C,. = Output (pind) load capacitance 

Example #1: 


Vop = 5V, fosc = 100kHz, C, = 30pF 
Ipp(Disabled) = 4.5yA (Figure 10) 

Ipp = 4.5uA + (5V)(100kKHz)(30pF) = 19.5A 
Measured Ipp = 20.3pHA 


Example #2: 


Vop = 5V, fosc = 5MHz, C, = 30pF 
Ipp(Disabled) = 75yA (Figure 9) 

Ipp = 75pHA + (5V)(5MHz)(30pF) = 825A 
Measured Ipp = 809”A 
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Crystal Selection 


For general purpose applications, a Parallel Mode Crystal is 
a good choice for use with the HA7210 or HA7211. However 
for applications where a precision frequency is required, the 
designer needs to consider other factors. 


Crystals are available in two types or modes of oscillation, 
Series and Parallel. Series Mode crystals are manufactured 
to operate at a specified frequency with zero load capaci- 
tance and appear as a near resistive impedance when oscil- 
lating. Parallel Mode crystals are manufactured to operate 
with a specific capacitive load in series, causing the crystal 
to operate at a more inductive impedance to cancel the load 
capacitor. Loading a crystal with a different capacitance will 
“pull” the frequency off its value. 


The HA7210 and HA7211 has 4 operating frequency ranges. 
The higher three ranges do not add any loading capacitance 
to the oscillator circuit. The lowest range, 10kHz to 100kHz, 
automatically switches in two 15pF capacitors onto OSC IN 
and OSC OUT to eliminate potential start-up problems. 
These capacitors create an effective crystal loading capaci- 
tor equal to the series combination of these two capacitors. 
For the HA7210 and HA7211, in the lowest range, the effec- 
tive loading capacitance is 7.5pF. Therefore the choice for a 
crystal, in this range, should be a Parallel Mode crystal that 
requires a 7.5pF load. 


In the higher 3 frequency ranges, the capacitance on OSC 
IN and OSC OUT will be determined by package and layout 
parasitics, typically 4 to 5pF. Ideally the choice for crystal 
should be a Parallel Mode set for 2.5pF load. A crystal man- 
ufactured for a different load will be “pulled” from its nominal 
frequency (see Crystal Pullability). 


FIGURE 2. 


Frequency Fine Tuning 


Two Methods will be discussed for fine adjustment of the 
crystal frequency. The first and preferred method (Figure 2), 
provides better frequency accuracy and oscillator stability 
than method two (Figure 3). Method one also eliminates 
start-up problems sometimes encountered with 32kHz tun- 
ing fork crystals. 


For best oscillator performance, two conditions must be met: 
the capacitive load must be matched to both the inverter and 
crystal to provide ideal conditions for oscillation, and the fre- 
quency of the oscillator must be adjustable to the desired 
frequency. In Method two these two goals can be at odds 
with each other; either the oscillator is trimmed to frequency 


by de-tuning the load circuit, or stability is increased at the 
expense of absolute frequency accuracy. 


Method one allows these two conditions to be met indepen- 
dently. The two fixed capacitors, C; and Coa, provide the opti- 
mum load to the oscillator and crystal. C3 adjusts the 
frequency at which the circuit oscillates without appreciably 
changing the load (and thus the stability) of the system. 
Once a value for C3 has been determined for the particular 
type of crystal being used, it could be replaced with a fixed 
capacitor. For the most precise control over oscillator fre- 
quency, C3 should remain adjustable. 


This three capacitor tuning method will be more accurate 
and stable than method two and is recommended for 32kHz 
tuning fork crystals; without it they may leap into an overtone 
mode when power is initially applied. 


Method two has been used for many years and may be pre- 
ferred in applications where cost or space is critical. Note 
that in both cases the crystal loading capacitors are con- 
nected between the oscillator and Vpp; do not use Vss as 
an AC ground. The Simplified Block Diagram shows that the 
oscillating inverter does not directly connect to Vss but is 
referenced to Vpp and V_n. Therefore Vpp is the best AC 
ground available. 


FIGURE 3. 


Typical values of the capacitors in Figure 2 are shown below. 
Some trial and error may be required before the best combi- 
nation is determined. The values listed are total capacitance 
including parasitic or other sources. Remember that in the 
10kHz to 100kHz frequency range setting the HA7210 
switches in two internal 15pF capacitors. 

LOAD CAPS 


FREQUENCY Cy, Co C5 


CRYSTAL PULLABILITY 


Figure 4 shows the basic equivalent circuit for a crystal and 
its loading circuit. 
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M M 
C; C2 
2 Co 3 
OSC IN OSC OUT 
FIGURE 4. 


Where: Cy, = Motional Capacitance 
Ly = Motional Inductance 
Ry = Motional Resistance 


Co = Shunt Capacitance 


= Equivalent Crystal Load 


1 
Col = 77] 
(eta) 


lf loading capacitance is connected to a Series Mode Crys- 
tal, the new Parallel Mode frequency of resonance may be 
calculated with the following equation: 


fo = fel1 — om 
aa | ‘ete 


Where: fp = Parallel Mode Resonant Frequency 


fs = Series Mode Resonant Frequency 


In a similar way, the Series Mode resonant frequency may 
be calculated from a Parallel Mode crystal and then you may 
calculate how much the frequency will “pull” with a new load. 


Layout Considerations 


Due to the extremely low current (and therefore high imped- 
ance) the circuit board layout of the HA7210 or HA7211 


Typical Performance Curves 


C. = 40pF, fosc = 5MHz, Vpp = 5V, Vss = GND 


must be given special attention. Stray capacitance should be 
minimized. Keep the oscillator traces on a single layer of the 
PCB. Avoid putting a ground plane above or below this layer. 
The traces between the crystal, the capacitors, and the OSC 
pins should be as short as possible. Completely surround 
the oscillator components with a thick trace of Vpp to mini- 
mize coupling with any digital signals. The final assembly 
must be free from contaminants such as solder flux, mois- 
ture, or any other potential source of leakage. A good solder 
mask will help keep the traces free of moisture and contami- 
nation over time. 


Further Reading 


Al Little “HA7210 Low Power Oscillator: Micropower Clock 
Oscillator and Op Amps Provide System Shutdown for Battery 
Circuits”. Harris Semiconductor Application Note AN9317. 


Robert Rood “Improving Start-Up Time at 32KHz for the 
HA7210 Low Power Crystal Oscillator’. Harris Semiconductor 
Application Note AN9334. 


S. S. Eaton “Timekeeping Advances Through COS/MOS 
Technology”. Harris Semiconductor Application Note 
ICAN-6086. 


E. A. Vittoz, et. al. “High-Performance Crystal Oscillator cir- 
cuits: Theory and Application”. IEEE Journal of Solid-State 
Circuits, Vol. 23, No3, June 1988, pp774-783. 


M. A. Unkrich, et. al. “Conditions for Start-Up in Crystal 
Oscillators”. IEEE Journal of Solid-State Circuits, Vol. 17, 
No1, Feb. 1982, pp87-90. 


Marvin E. Frerking “Crystal Oscillator Design and Tempera- 
ture Compensation”. New York: Van Nostrand-Reinhold, 
1978. Pierce Oscillators Discussed pp56-75. 


C. = 18pF, fosc = 5MHz, Vpp = 5V, Vss = GND 


1.0V/DIV. 


20.0ns/DIV. 


FIGURE 5. OUTPUT WAVEFORM (C, = 40pF) 


NOTE: Refer to Test Circuit (Figure 1). 


1.0V/DIV.  20.0ns/DIV. 


FIGURE 6. OUTPUT WAVEFORM (C, = 18pF) 
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Typical Performance Curves (Continued) 


My GENERATOR (1Vp.p) (NOTE) 
a, 

i a in, 
ee ee 


Xtat AT 25°C 


= 
Fa 
ii 
cc 
cc 
= 
rs) 
a 
a 
Q. 
5 
a 


SUPPLY CURRENT (/A) 


-100 -50 0 50 100 150 -100 -50 0 50 100 150 
TEMPERATURE (°C) TEMPERATURE (°C) 
FIGURE 7. SUPPLY CURRENT vs TEMPERATURE FIGURE 8. SUPPLY CURRENT vs TEMPERATURE 


SUPPLY CURRENT (1A) 
SUPPLY CURRENT (1A) 


Xtat AT 25°C 
a 
-100 -50 0 50 100 150 


TEMPERATURE (°C) TEMPERATURE (°C) 


FIGURE 9. DISABLE SUPPLY CURRENT vs TEMPERATURE FIGURE 10. DISABLE SUPPLY CURRENT vs TEMPERATURE 


CIRCUITS 


SPECIAL ANALOG 


SUPPLY CURRENT (1A) 
SUPPLY CURRENT (A) 


FREQUENCY (MHz) FREQUENCY (MHz) 


FIGURE 11. SUPPLY CURRENT vs FREQUENCY FIBURE Ts. SUPPEY CURRENT We PnSGuENCy 


NOTE: Refer to Test Circuit (Figure 1). 
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Typical Performance Curves (Continued) 


EN =1,F1 


= 0, F2 =0, C, = 18pF, GENERATOR (1Vp_p) (NOTE) 


SUPPLY CURRENT (1A) 


0 100 200 300 400 500 600 700 800 900 10001100 
FREQUENCY (kHz) 


FIGURE 13. SUPPLY CURRENT vs FREQUENCY 


EN = 0, F1 = 0, F2 = 0, C, = 18pF, GENERATOR (1Vp.p) (NOTE) 


aE ee a eee 
Vpp = +8V 


250 


200 


SUPPLY CURRENT (A) 
a: 


FREQUENCY (MHz) 


FIGURE 15. DISABLED SUPPLY CURRENT vs FREQUENCY 


EN = 0, F1 =1, F2=0, Cy = 18pF, GENERATOR (1Vp.p) (NOTE) 


SUPPLY CURRENT (A) 


0 al 200 300 400 500 600 700 800 900 1000 1100 
FREQUENCY (kHz) 


FIGURE 17. DISABLE SUPPLY CURRENT vs FREQUENCY 


NOTE: Refer to Test Circuit (Figure 1). 


SUPPLY CURRENT (1A) 


EN = 1,F1 =0, F2=0, C, = 18pF, GENERATOR (1Vp_p) (NOTE) 


coal 
s 


ai 


90 100 110 


0 
0 10 20 30 40 80 
FREQUENCY (kHz) 


FIGURE 14. SUPPLY CURRENT vs FREQUENCY 


EN = 0, F1 = 0, F2 = 1, C, = 18pF, GENERATOR (1Vp.p) (NOTE) 


SUPPLY CURRENT (A) 


FREQUENCY (MHz) 


FIGURE 16. DISABLE SUPPLY CURRENT vs FREQUENCY 


EN = 0, F1 = 1, F2 =1, Cy = 18pF, GENERATOR (1Vp.p) (NOTE) 


SUPPLY CURRENT (A) 


90 100 110 


FREQUENCY ae 


FIGURE 18. DISABLE SUPPLY CURRENT vs FREQUENCY 
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Typical Performance Curves (continued) 


SUPPLY CURRENT (1A) 


EN = 1, F1 = 0, F2 = 0, Vpp = +5V, GENERATOR (1Vp_p) (NOTE) EN = 1, F1 =0, F2=1, Vpp = +5V, GENERATOR (1Vp_p) (NOTE) 
3000 1400 
1200 
2500 = 
2 1000 
2000 tr 800 
oc 
3 600 
1500 > 
a 
a 400 
1000 ” 
200 
500 0 
FREQUENCY (MHz) FREQUENCY (MHz) 
FIGURE 19. SUPPLY CURRENT vs FREQUENCY FIGURE 20. SUPPLY CURRENT vs FREQUENCY 
EN = 1, F1 = 1, F2 =0, Vpp = +5V, GENERATOR (1Vp_p) (NOTE) EN = 1, F1 = 1, F2 =1, Vpp = +5V, GENERATOR (1Vp.p) (NOTE) 
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FIGURE 23. DUTY CYCLE vs TEMPERATURE FIGURE 24. DUTY CYCLE vs TEMPERATURE 


NOTE: Refer to Test Circuit (Figure 1). 
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Typical Performance Curves (continued) 


Fi = F2 =0, Vpp = 5V, C, = 18pF, C; = C2 =0 


DATA COLLECTED USING CRYSTALS 
AT EACH FREQUENCY 
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FIGURE 25. DUTY CYCLE vs FREQUENCY 
F1 = 1, F2 =0, Vpp = 5V, C, = 18pF, C; = Co =0 
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F1 = 1, F2 = 0 RECOMMENDED FOR 100kHz TO 1MHz RANGE 
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FIGURE 27. DUTY CYCLE vs FREQUENCY 
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Vpp SUPPLY VOLTAGE (V) 


FIGURE 29. FREQUENCY CHANGE vs Vpp 


NOTE: Refer to Test Circuit (Figure 1). 
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F1 = 0, F2 =1, Vpp = 5V, C, = 18pF, Cy = Co =0 


DATA COLLECTED USING CRYSTALS 
AT EACH FREQUENCY 


FREQUENCY (MHz) 


FIGURE 26. DUTY CYCLE vs FREQUENCY 


F1 = F2=1, Vpp = 5V, C_ = 18pF, C} = Co =0 


DATA COLLECTED USING CRYSTALS 
AT EACH FREQUENCY 


Fi =1, F2 = 1 RECOMMENDED 
FOR 10kHz TO 100kHz RANGE 
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FIGURE 28. DUTY CYCLE vs FREQUENCY 


Vpp = 5V, CL = 30pF, GENERATOR (1Vp.p) (NOTE) 


TEMPERATURE (°C) 


FIGURE 30. EDGE JITTER vs TEMPERATURE 
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Typical Performance Curves (continued) 


fin = 5MHz, F1 = 0, F2 = 0, C, = 30pF, Vpp = 5V fin = 100kHz, F1 = 1, F2 = 1, C_ = 30pF, Vpp = 5V 


— te GENERATOR (1Vp.p) (NOTE) 
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FIGURE 31. RISE/FALL TIME vs TEMPERATURE FIGURE 32. RISE/FALL TIME vs TEMPERATURE 
Vpp = 5V, GENERATOR (1Vp.p) (NOTE) C, = 18pF, GENERATOR (1Vp.p) (NOTE) 
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FIGURE 33. RISE/FALL TIME vs C, FIGURE 34. RISE/FALL TIME vs Vpp < vi 
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FIGURE 35. TRANSCONDUCTANCE vs FREQUENCY FIGURE 36. TRANSCONDUCTANCE vs FREQUENCY 


NOTE: Refer to Test Circuit (Figure 1). 
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Typical Performance Curves (continued) 


Vpp = 5V, Vss = GND Vpp = 5V, Vss = GND 
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FIGURE 37. TRANSCONDUCTANCE vs FREQUENCY FIGURE 38. TRANSCONDUCTANCE vs FREQUENCY 


F1 = F2=1, Vpp = 5V, C, = 18pF, Ta = 25°C, fosc¢ = 32.768kHz 
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NOTE: Figure 39 (Duty Cycle vs Rg at 32kHz) should only be used for 32kHz crystals. Rg may be used at other frequencies to adjust Duty 
Cycle but experimentation will be required to find an appropriate value. The Rs value will be proportional to the effective series resis- 
tance of the crystal being used. 

FIGURE 39. DUTY CYCLE vs Rg at 32kHz 


NOTE: Refer to Test Circuit (Figure 1). 
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Die Characteristics 


DIE DIMENSIONS: SUBSTRATE POTENTIAL 
68 mils x 64 mils x 14 mils Vss 

METALLIZATION: PASSIVATION: 
Type: Si - Al Type: Nitride (SigN4) Over Silox (SiOz, 3% Phos) 
Thickness: 10kA +1kA Silox Thickness: 7kA +1 


Nitride Thickness: 8kA +1kA 


Metallization Mask Layout 
HA7210 


(8) ENABLE 


Q 
Q 
> 
= 


(7) FREQ 2 


CRYSTAL (2) 


CRYSTAL (3) (6) FREQ 1 


SPECIAL ANALOG 
CIRCUITS 


Vss (4) 
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FA5250 


500MHz, Ultra High 
~- Speed Monolithic Pin Driver 


November 1 996 iarns 


Features _ Description 


¢ High Digital Data Rate The HFA5250 is the ideal monolithic pin driver solution for high 
performance test systems. The device will switch at high data 
rates between two input voltage levels providing variable ampli- 
e Very Fast Rise/Fall Times tude pulses. The output impedance is trimmed to achieve a pre- 
cision 50Q source for impedance matching. Two differential 
ECL/TTL compatible inputs control the operation of the 
¢ Precise 50Q Output Impedance HFA5250, one controlling the VuigH/VLow switching and the 
; other controlling the output’s high-impedance state. The 
* High Impedance, Three-State Output Control HFA5250's 500MHz data rate makes it compatible with today’s 
high speed VLSI test systems and the +7V to -2V output swing 

Applications allows testing of all common logic families. 


e Very Fast Slew Rate 


e Wide Output Range 


e IC Tester Pin Electronics The HFA5250 is manufactured in the Harris proprietary comple- 


mentary bipolar process. 
Pattern Generators ry bipolar p 


Hivine Genidtore Ordering Information 


Built-In Test Equipment (BITE) PART 
NUMBER TEMP. RANGE (°C) PACKAGE 
Level Comparator Tranaater HFA5250CB 0 to 50 | Oto 50 Without Air Flow | Air Flow 28 Ld SOIC | M28.3 
0 to 70 po 400lfpm Air Flow 


Pinout 


HFA5250 
(SOIC) 
TOP VIEW 


NC INPUT 
Ma BUFFER 


+ OUTPUT BUFFER 


NOTE: Switches Shown in the “1” State. 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2943 4 
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HARRIS HFA5S251 


November 1996 800MHz Monolithic Pin Driver 


uD 


Features Description 


¢ High Digital Data Rate The HFA5251 is a very high speed monolithic pin driver 
solution for high performance test systems. The device will 
switch at high data rates between two input voltage levels 
e Wide Output Range providing variable amplitude pulses. The output impedance 
is trimmed to achieve a precision 50Q source for impedance 
matching. Two differential ECL/TTL compatible inputs control 
¢ High Impedance, Three-State Output Control the operation of the HFA5251, one controlling the 
VHIGH/VLow Switching and the other controlling the output’s 
. . high-impedance state. The HFA5251’s 800MHz data rate 
Ap P lications makes it compatible with today’s high-speed VLSI test sys- 
e IC Tester Pin Electronics tems and the +7V to -2V output swing allows testing of all 
common logic families. 


¢ Very Fast Rise/Fall Times 


e Precise 50Q Output Impedance 


e Pattern Generators 
The HFA5251 is manufactured in Harris’ proprietary comple- 


mentary bipolar UHF-1 process. The HFA5251 is offered in 
e Level Comparator/Translator die form. Contact your local sales representative for packag- 
ing options. 


e Pulse Generators 


Ordering Information 


PART 
NUMBER TEMP. RANGE (°C) PACKAGE 


HFA5251Y TJUNCTION < 175 


Functional Diagram 


HFA5251 
(DIE FORM) Beeson 
TOP VIEW - 


Fee 9 


V V 1) 

HIGH *YCC1 O 
fol = q VY) 
_ owed fe 2 = 
— a = oe: < oa 
4 oS) ro) 

a 

op) 


| seem: | 
VLOw Lo” ot 
INPUT 
BUFFER 


TRUTH TABLE FOR Vout 
Viow Veet 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 36 89. 3 
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Pin Descriptions 


FUNCTION 


Positive Supply. Nominal value is 10V +0.2V. Reducing supply voltage below 9.8V will reduce positive output voltage 
swing. The total supply voltage from Voc to Veg; should not exceed 15.6V for normal operation or exceed 17.0V to pre- 
vent damage. Harris recommends two wire bonds to this pad to provide the lowest possible impedance. In addition, pow- 
er supply decoupling chip capacitors of 470pF, 0.1uF and a 10uF tantalum are recommended. | 


Negative Supply. Nominal value is -5.2V +0.2V. A supply voltage more positive than -5.0V will reduce negative output 
voltage swing. The total supply voltage from Voc to Veg; should not exceed 15.6V for normal operation or exceed 17.0V 
to prevent damage. Harris recommends two wire bonds to this pad to provide the lowest possible impedance. In addition, 
power supply decoupling chip capacitors of 470pF, 0.1uF and a 10pF tantalum are recommended. 


Output Stage Positive Supply. Nominal voltage and cautions are the same as for Vcc. Having decoupling chip capaci- 
tors close to Vcco and V_eg> is essential since large AC current will flow through this pad to the output during transients. 
Normally Voc; and Vcco are connected together close to the die and share decoupling capacitors. Harris recommends 
two wire bonds for this pad. 


Output Stage Negative Supply. Nominal voltage and cautions are the same as for Ver1. Having decoupling chip capac- 
itors close to Veco2 and VeEgz is essential since large AC current will flow through this pad to the output during transients. 
Normally Veg; and Vego are connected together close to the die and share decoupling capacitors. Harris recommends 
two wire bonds for this pad. 


Input Voltage High is used to set the output high level Voy. VHiGu is sensitive to capacitively coupled AC noise. Protection 
from high frequency noise can be achieved with a low pass filter consisting of a 50Q chip resistor and a 470pF chip ca- 
pacitor. Without this precaution the pin driver may oscillate due to feedback from the output through the PC board ground. 


Input Voltage Low is used to set the output low level Vo... VLowis sensitive to capacitively coupled AC noise. Protection 
from high frequency noise can be achieved with a low pass filter consisting of a 50Q chip resistor and a 470pF chip ca- 
pacitor. Without this precaution the pin driver may oscillate due to feedback from the output through the PC board ground. 


Driver Output. The output impedance has been laser trimmed to match a 50Q transmission line +2. Custom output 
impedance trimming is available (contact sales office for details) to provide the best match possible to your 50Q system. 


Differential Digital Inputs used to switch Vout to the VuigH or VLow level. Harris recommends this input pair be driven by 
complementary ECL signals to provide optimal switching speeds and timing accuracy. However a large Common Mode 
and Differential Voltage Range is provided to accommodate a variety of signals including single ended TTL and CMOS. 
When using single ended signals the other input must be tied to an appropriate threshold. 


Differential Digital Inputs used to switch Vout from an Active to a High Impedance State. Harris recommends that this 
input pair be driven by complementary ECL signals to provide optimal switching speeds and timing accuracy. However 
a large Common Mode and Differential Voltage Range is provided to accommodate a variety of signals including single 
ended TTL and CMOS. When using single ended signals the other input must be tied to an appropriate threshold. 
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Absolute Maximum Ratings 


PY VEO 600 toye Sen eedsecee reek reeds eseueres 17V 
Differential Input Voltage (DATA and HiZ) .................. 5V 
Output Current Continuous (Note 1).................... 160mA 
Input Voltage (Any pin except as specified) .......... Voc to Veg 
Vouy VOWlag6 ..000casaccewisrsacendsuneasnnees 8V to -5.5V 
ye” ee ee Vcc to -3V 
Vi OW VONRQG 2c cisevsenenaeaueeneeeran nea w eas 8V to Veg 
Viner © Vucuy VOUR0G «cen secersaenreesew ens VHIGH > VLow 


Thermal Information 


Maximum Junction Temperature (Die).................00. 17°C 
Maximum Storage Temperature Range ......... .-65°C to 150°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


Electrical Specifications Vcc = +10V, Ver = -5.2V, Viy = -0.9V, Vi, = -1.75V, Unless Otherwise Specified 


VHIGH Input Offset Voltage 


< 
Oo 
= 
sj 
I 


Viow |nput Offset Voltage 


VHIGH Input Bias Current = 


Vow Input Bias Current 

VHIGH Voltage Range 

Vow Voltage Range 

VHIGH to VLow Differential Voltage Range 


VHIGH/VLow Interaction at 500mV (Note 11) 


o 
= 


-2.25V to +7.5V 


re [= [= [ow 


= -2.5V to +7.25V 
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CIRCUITS 


HFA5251 


Electrical Specifications Voc = +10V, Veg = -5.2V, Vip = -0.9V, Vi_ = -1.75V, Unless Otherwise Specified (Continued) 


TEMP. 
PARAMETER TEST CONDITIONS (°C) UNITS 


SWITCHING CHARACTERISTICS (Z; gap = 16 inches of RG-58 Terminated with 502) 


Propagation Delay (Notes 2, 17) 


Propagation Delay Match (Notes 2, 17) Rising to Falling Edge 25 -100 0 


Rising Edge Propagation Delay vs Duty Cycle (Notes 12, 17) 25 -120 -20 


" 
oO 


Falling Edge Propagation Delay vs Duty Cycle (Notes 12, 17) 25 
Active to HiZ Delay (Note 17) 


HiZ to Active Delay (Note 17 


ine) 


hk 
— fh 
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~~ =~ 
— 
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~~ ~— 
i) 
—_ ine) 


TRANSIENT RESPONSE (Z; oap = 16 inches of RG-58 Terminated with 5pF) 


Rise/Fall Time (20%-80%) | ; 25 500 


— Lye) 
~“J fe) 
—_ 
ye) 
(o) 


Rise/Fall Time (10%-90%) 3Vp_p 25 890 1000 


Rise/Fall Time (10%-90%) (Note 6) 


OUTPUT CHARACTERISTICS 
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Output Voltage Swing (No Load) 
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POWER SUPPLY CHARACTERISTICS 


Power Supply Rejection Ratio (Note 4) mvV/V 


py 
- 


mvV/V 


Total Supply Current 
Supply Current (loc4, lEe1) 


Supply Current (loco, IEE2) 
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Supply Voltage Range (Note 5) 
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Supply Voltage Range (Note 5) 
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Supply Voltage Differential 
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Electrical Specifications Voc = +10V, Veg = -5.2V, Vip = -0.9V, Vi, = -1.75V, Unless Otherwise Specified (Continued) 


TEMP. 


NOTES: 

1. Internal Power Dissipation may limit Output Current below 160mA. 

. 38V Step, 50% duty cycle, 200ns period. 

. 38V Step, measured from 50% of input to +1% of reference value at 50ns. 

. VHIGH = 2-6V, VLow = 2.3V, Voc = 9V to 10V, Veg = -4.2V to -5.2V 

. Minimum/maximum output swing will vary with supply voltage. 

. 5V Step, 50% duty cycle, 100ns period. 

. For VuiGh = OV to 5V, For VLow = OV to 5V, Fullscale = 5V, 0.1% = SmV. 

. For VuiGH = -1.5V to 7V, For VLow = -2.0V to 6.5V, Fullscale = 8.5V, 0.1% = 8.5mV 

. Shorting the output to a voltage outside the specified range may damage the output. 

. Voc = 9.9V, Veg = -5.1V. 

. VHIGH to VLow Interaction is measured as the change in Vout (the active channel) due to a change in the inactive channel. VHigH 

Interaction at 250mV is measured as the deviation from 1V as V; ow is changed from OV to 750mV (Referred to VoyT)- VLow Interaction 
at 250mV is measured as the deviation from OV as VyiGH is changed from 1V to 250mvV (Referred to Voyr). 

12. OV to 3V Step, 200ns period, Pulse Width is varied from 5ns to 195ns. 

13. End Point Gain Deviation is the percent deviation of Gain calculated in 0.5V steps at the extremes of output voltage range. For example 
in the VuiGH range 5.7V to 6.7V, Gain is calculated for VHiGH = 5.7V to 6.2V (Note 15) and VijiGH = 6.2V to 6.7V (Note 15) the difference 
in gain is calculated and converted to a percentage. The voltage ranges tested are: ViyjGH = -1.5V to -0.5V (Note 15) and 5.7V to 6.7V 
(Note 15), VLgw = -2.0V to -1.0V (Note 15) and 5.5V to 6.5V (Note 15). 


14. ViigH End Point Gain Error is the Voyt absolute error from ideal for a VyigH change from 6.7V to 7.0V (Note 15). 
15. Input voltages VyigH and Vi ow are corrected for Offset Voltage and 7.5V Full Scale Gain Error. 

16. Minimum Pulse Width is measured 50% to 50% of specified amplitude with pulse peak at 90% of amplitude. 

17. Test is performed into a 50Q load with a 3V step. Measurement is made from the 50% of input to 50% of output. 
18. Dynamic Output Resistance will be higher (typical 48.5Q) than DC Output Resistance. 


ak 
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—_ 


Application Information 


The HFA5251 is a pin driver designed for use in automatic test 
equipment (ATE) and high speed pulse generators. Pin drivers, VHIGH 


especially those with very high-speed performance, have gen- — 50Q 

erally been implemented with discrete transistors (sometimes DATE Vour 
GaAs) on a circuit board or in a hybrid. Recent IC process 

improvements, specifically Harris’ UHF1 process [1], have Vi onl >—0 

enabled the manufacturing of this 800MHz silicon monolithic 

pin driver. Hiz 

The ultra high speed performance of the HFA5251 is a result HiZ 

of UHF1 process leverages: low parasitic collector-to-sub- FIGURE 1. BLOCK DIAGRAM 


strate capacitance of the bonded wafer, low collector-to-base 


parasitic capacitance of the self-aligned base/emitter tech- The control inputs, DATA and DATA, determine the output 
nology and ultra high ff NPN (8GHz) and PNP (5.5GHZ) level. If DATA is at logic “1” and DATA is at logic “0”, the out- 


poly-silicon transistors. put level will be the same as VyiGn. If DATA is at logic “0” 
and DATA is at logic “1”, the output will be the same as 
Functional Block Diagram Viow. The control inputs, HiZ and HiZ, make the output 


a either active or high-impedance. If HiZ is at logic “1” and HiZ 
The HFA5251 functional block diagram is shown in Figure 1. ig at logic “O”, the output will be in high impedance mode. If 
HiZ is at logic “O” and HiZ is at logic “1”, the output will be 
enabled. The output impedance in the enabled mode is 
trimmed to 50Q. 
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Power Dissipation No Load At Vcc = 10V, 25 1.46 W 
Veg = -5.2V 


SPECIAL ANALOG 
CIRCUITS 


HFA5251 


Circuit Schematic 


The Pin Driver circuit consists of a switch, an output buffer, 
and two differential control elements as shown in Figure 8. 


A two stage approach, separating the switch from the output 
buffer, allows the speed and accuracy requirements of the 
switch to be de-coupled from the load driving capability of 
the buffer. 


The patent pending switch circuitry[2] uses cascaded emitter 
followers as input buffers and also to switch the input VHiGH 
and Vi ow to node VSO. Dual differential pairs controlled by 
~ the data timing (DATA and DATA) direct current to select 
either the VuiGH Or VLow switch. Matching transistor types 
and transdiodes improve linearity and lowers the voltage off- 
set and offset drift. Stacking two emitter-base junctions 
allows the Vuigh to VLow range to be extended to two 
BVebo's of the process. The speed of the pin driver is largely 
determined by the current flowing through the switch stage 
and the collector-base capacitance of the output stage tran- 
sistors connected to the node VSO. 


The output stage consists of cascaded emitter followers con- 
structed in a typical push-pull manner as shown in Figure 2. 
However, transdiodes are added to increase the voltage 
breakdown characteristics of the output during high imped- 
ance mode. HiZ and HiZ control the mode of the output 
stage. A trimmed, NiCr resistor is added to provide the 50Q 
output impedance. 


VHiGH/VLow CONTROL 


Vcci a 


VEE1¢ 


SWITCHING STAGE 


Pte 


a | 


Overall, a symmetry of device types and paths is constructed 
to improve slew and delay symmetry. Both the Vig to VouT 
path and the Vi ow to Vout path contain three NPN and 
three PNP transistors operating at similar collector currents. 
Thus the transient response of VijigH to VLow and Vi ow to 
VHIGH are kept symmetrical. Also, a trimmable current refer- 
ence (not shown) allows the AC parameters to be adjusted to 
maintain unit to unit consistency. 


Speed Advantage 


Harris Pin Drivers on bonded-wafer technology definitely have 
a speed advantage, coming from the low collector-to-sub- 
strate capacitance and the high fy of the transistors. In addi- 
tion, the patent-pending switching stage which fits uniquely to 
Harris' UHF1 process is another big contributor for the high 
speed. This switching circuitry requires low series-resistance 
NPN and PNP transdiodes available in UHF1. The rise and 
fall times of the pin driver are largely determined by the slew 
rate at the node VSO in Figure 2. The dominant mechanism 
for the slew rate is the charging/discharging of the collector- 
base capacitors of the transistors connected to the node VSO. 
The charging/discharging currents are coming from the 
switching stage current sources. The fast rise and fall times 
are achieved because of the negligible collector-to-substrate 
capacitance and the small base-collector capacitance due to 
the self-aligned recessed oxide [1]. 


Vcoc2 


OUTPUT STAGE HIZ CONTROL 


FIGURE 2. CIRCUIT SCHEMATIC 
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2.2V/DIV. 


411ns 2ns/DIV. 431ns 


FIGURE 3. OUTPUT RESPONSE WITH VARIOUS V; ow AND 
VHiGH CONDITIONS 


The DATA/DATA differential stage is not a factor for the 
speed if its current sources have enough current not to bot- 
tleneck the transient. However it should be noted that the 
propagation delay mismatch is determined by this stage. 
Sufficient current is allocated to the differential stage current 
sources to best match the low-to-high and high-to-low tran- 
sient propagation delays. 


Figure 3 shows various output responses, OV to 1V, OV to 3V, 
OV to 5V, and -2V to 7V (full swing). The load condition is a 16 
inch 50Q2. SMA cable with a 5pF capacitor at the end of the 
cable. The rise/fall time with 5Vp-p is typically 1.45ns for the 
HFA5251. Pin drivers, built out of the same circuit structure as 
shown in Figure 2, can be made faster by trimming for a 
higher power supply current. Currently the pin driver has 
rise/fall times of less than 1ns (10% to 90% of 5Vp.p) when 
Ioc is trimmed to 125mA. Further speed enhancement will be 
made if there is a market demand. 


Basic ATE System Application 


Figure 3 shows a pin driver in a typical per-pin ATE system. 
The pin driver works closely with the dual-level comparator 
and the active load. When the DUT pin acts as an input wait- 
ing for a series of digital signals, the pin driver becomes 
active with a logic “0” applied on the HiZ pin and provides the 
DUT pin with digital signals. When the DUT pin acts as an 


CLOCK, 
START 


TIMING 


MEMORY 


MEMORY 
FAIL 
MEMORY 


SEQUENCER 


TIMING 


output, the pin driver output will be in high impedance mode 
(HiZ) with a logic “1” applied to the “HiZ” pin of the pin driver. 
During this high impedance mode the pin driver presents a 
capacitance of less than 5pF to the DUT. Special care has to 
be taken to match the impedance (to 50Q) at the pin driver 
output to minimize reflections. 


The dual level comparator detects the logic levels of the DUT 
pin when it acts as an output. The comparator has two thresh- 
old level inputs, VCH and VCL. The logic level information of 
DUT pin output is sent to the edge/window comparator 
through the dual level comparator. The edge/window compar- 
ator interprets this information in terms of corresponding tran- 
sient performance in conjunction with the timing information. 
Thus it detects any possible failure transients. 


The formatter sends a sequence of digital information to the 
pin driver which contains logic information over time. The 
active load is enabled when the DUT pin acts as an output. It 
simulates the load of the DUT pin by sinking or sourcing pro- 
grammed current. Finally the sequencer controls the overall 
activities of the automatic testing. 


Decoupling Circuit for Oscillation-Free 
Operation 
To insure the oscillation-free operation in ATE or pulse gen- 


erator applications, the pin driver needs an appropriate 
decoupling circuit on a printed circuit board which consists of 


chip capacitors and chip resistors. Figures 5 and 6 refer toa 


proven decoupling circuit currently working in the lab and a 
1X scale film of its associated PC board (metal level). 


The control pins, DATA, DATA, HiZ, and HiZ are fed ECL sig- 
nals through 50Q micro-strip lines terminated with 50Q for 
impedance matching since the input impedance at these 
pins is much higher than 50Q. At the end of the micro-strip 
lines there is usually a high-speed pulse generator with an 
output impedance of 5002 A 50Q micro-strip line is con- 
nected to each of the pins, DATA and HiZ through a 50Q chip 
resistor to monitor the pulse signals. 


ACTIVE 
LOAD 


DUAL LEVEL COMPARATOR 


FIGURE 4. TYPICAL ATE SYSTEM 
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Voc2 i 470pF 
DATA Ycc2 oh poe 


u- STRIP 
5020 Lge 


( u-STRIP @) ( u-STRIP @) 


FIGURE 5. DECOUPLING CIRCUIT OF 28 PIN SOIC HFA5251 
FOR OSCILLATION-FREE OPERATION 


FIGURE 6. 1X FILM OF THE EVALUATION BOARD METAL 


The two input voltage pins, VuyigH and Vi ow, need to be pro- 
tected from any capacitively coupled AC noise. Normally this 
protection can be achieved by having a low pass filter consist- 
ing of a 50Q chip resistor and a 470pF chip capacitor. Without 
this protection circuit the pin driver may oscillate due to sig- 
nals fed back from the output through the PC board ground. 


The power supply pins, Voci, Vocoa, Vegi, and Veg, 
require decoupling chip capacitors of 470pF, 0.1uF, 10pF. 
Having decoupling capacitors close to Voco2 and V_ego is 
essential since large AC current will flow through either 
Voce or Vege during transients. 


The output of the pin driver is usually connected to the 
device-under-test (DUT) through 50Q micro-strip line and 
coaxial cable which carries the signal to a high input imped- 
ance DUT pin. 


References 


1. Chris K. Davis et. al., “UHF1: A High Speed Complemen- 
tary Bipolar Analog Process on SOl,” Bipolar Circuits and 
Technology Meeting Proceedings, pp260-263, October 
1992. 


2. Donald K. Whitney Jr., “Symmetrical, High Speed, Volt- 
age Switching Circuit,” United States Patent Pending, 
Filed November 1991. 


Definition of Terms 
Von and Vo. 


Output High Voltage and Output Low Voltage. Voy is the 
voltage at Voyt when the HiZ input is Low and the DATA 
input is High. Vo, is the voltage at Voyt when HiZ is Low 
and DATA is Low. The Voy and Vo, levels are set with the 
VHIGH and Vi ow inputs respectively. 


Offset Voltage 


Offset Voltage is the DC error between the voltage placed on 
VHIGH OF VLow and the resulting Voy and Vo,. VHigH Off- 
set Voltage Error is obtained by measuring Voy with Viigh 
set to OV and Viow set to -2.5V to minimize interaction 
effects. Vi ow Offset Voltage Error is the measurement of 
Vo with Vi ow set to OV and VyiGH set to +7.5V. 


Gain 


Gain is defined as the ratio of output voltage change to input 
voltage change for a defined range. ViyiGH Gain is calculated 
with the following equation with Vi ow fixed at -2.5V 


Viow Gain is calculated in a similar manner. 


VHIGH is held fixed at 7.5V. These Gain calculations mini- 
mize the effects of Interaction and End Point Nonlinearities. 


Linearity Error 


Linearity Error is a measure of output voltage worst case 
deviation from a straight line that has been corrected for off- 
set and 7.5V Gain. Linearity Error is given as a percentage 
of fullscale and is done in two ranges 5V and 8.5V. Data is 
measured at 0.5V steps from -1.5V to 7V for ViigH and -2V 
to 6.5V for VLow. The Linearity Error equation is as follows 
for 8.5V fullscale: 


V 
anny 


Veur= Vou (IDEAL 


LINEARITYERROR = 35 
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The Linearity Error equation is as follows for 5V fullscale: 


V -V IDEAL 
LINEARITY ERROR = Lied ii 
Linearity Error is calculated for every data point in the range 
and the worst case value is recorded. 


End Point Deviation 


End Point Deviation is the percent change of gain in the 1V 
range at the extremes of output voltage. Gain is calculated 
for each 0.5V step and then compared to the adjacent step 
for a percentage change. This specification is designed to 
quantify the amount of curvature present at the end points of 
output swing. VHiGH and V| ow inputs are corrected for gain 
and offset to provide more accurate Voy and Vo, levels. For 
example Voy End Point Deviation is tested in the range 5.7V 
to 6.7V as shown below: 


GAINg7_6.2 = 05 
6.2-5.7 ~ 0.5 


END POINT DEVIATION = |GAINg 7_65-GAINg» 5.7] x 100 


Typical Performance Curves 


OUTPUT (V) 
_ yO © > oi 


o 


TIME (ns) 


FIGURE 7. LARGE SIGNAL RESPONSE 


End Point Gain Error 


End Point Gain Error (EPGE) is the Voyry absolute error in 
millivolts for a VuiGH change from 6.7V to 7V. The VuicH 
input is corrected for gain and offset to provide a more accu- 
rate Von level. 


EPGE = Von (VHIGH at 7V) - Von (VHIGH at 6.7V) - 0.3 
VHIGH tO VLow Interaction 


VHIGH to VLow Interaction is the change in Voy (the active 
channel) due to the inactive channel. VijiGH Interaction is 
measured as the change in Voy from 1V as V; gw is moved 
from OV to 750mV (Vi ow is corrected for gain and offset 
errors). Vi Ow Interaction is measured as the change in Vo, 
from OV as VHiGH is moved from 1V to 250mV (with VuigH 
corrected for gain and offset errors). The minimum recom- 
mended difference between Vig and Vow for the 
HFA5251 is 250mV. 


1000 

S 800 a 
ane bs hd 
Saw an ee 
3 200 —— 
0 i 
a 

DISCONTINUITY REFLECTION | 

ZLoAD = 16 INCHES OF RG-58 INTO 1kQ ed 


TIME (ns) 


FIGURE 8. SMALL SIGNAL RESPONSE 
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Typical Performance Curves (continued) 


GAIN ERROR (%) 


TIME (ns) oa ie 


FIGURE 9. MINIMUM PULSE WIDTH FIGURE 10. GAIN ERROR (FULLSCALE = 8.5V) 
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Viow !NPUT (V) VHIGH INPUT (V) 
FIGURE 11. ViigH/VLow INTERACTION, Viyigy ACTIVE FIGURE 12. ViigH/VLow INTERACTION, Vi ow ACTIVE 
(NOMINAL 1.0V) (NOMINAL 0.0V) 
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Die Characteristics 


DIE DIMENSIONS: PASSIVATION: 
2670um x 1730um x 525m Nitride, 4kA +0.5kA 
METALLIZATION: TRANSISTOR COUNT: 


Type: Metal 1: Cu (2%) SiAI/TIW 115 
Thickness: Metal 1: 8kA +0.4kA 
Backside: Gold SUBSTRATE POTENTIAL: 


Type: Metal 2: Cu (2%) Al Floating 
Thickness: Metal 2: 16kA +0.8kA 


Metallization Mask Layout 
HFA5251 


VHIGH Vec1 


DATA 
Voc2 
DATA 4 
al _s NT iball 
Vout 
HiZ 
VEE2 
HiZ 
oO 
S 
vy) 
Sr 
qt > 
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qc 
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o 
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3 HARRIS HFA5253 


November 1996 800MHz, Ultra High-Speed Monolithic Pin Driver 
Features Description 
e High Digital Data Rate.................... 800MHz The HFA5253 is a very high speed monolithic pin driver | 
; : solution for high performance test systems. The device will 
* Very Fast RiserPall TMCS » 445 iesasecesnnaans i a switch at fin dele rates between two input voltage levels 
e Wide Output Range................008- +8V to-3V providing variable amplitude pulses. Slew Rate Control pins 
. provide independent control over positive and negative slew 
* Precise 500 Output Impedance rate allowing the customer to optimize the pin driver speed 
e High Impedance, Three-State Output Control for their application. The output impedance is trimmed to 
achieve a precision 50Q source for impedance matching. 
* Slew Rate Control Two differential ECL/TTL compatible inputs control the 
operation of the HFA5253, one controlling the ViigH/VLow 
Applications switching and the other controlling the output’s high-imped- 
. ; ance state. The HFA5253’s 800MHz data rate makes it com- 
* IC Tester Pin Electronics patible with today’s high-speed VLSI test systems and the 
e Pattern Generators +8V to -3V output swing satisfies the most stringent testing 


requirements of all common logic families. 
e Pulse Generators 
The HFA5253 is manufactured in Harris’ proprietary comple- 


¢ Level Comparator/Translator mentary bipolar UHF-1 process. 


Ordering Information 


TEMP. RANGE 
PART NUMBER (°C) 


HFA5253CB | Oto50— 20LdPSOP |M20.3A 


Pinout Block Diagram 
HFA5253 (PSOP) INPUT BUFFER 
TOP VIEW 
VHIGH 
+SRC 
DATA Vec 
DATA 
VouT 
HIZ 
HIZ 
VEE 
aka -SRC 
VLow 0 
POWER PSOP PACKAGE INP OT BUFFER 
(HEAT SLUG SURFACE IS ELECTRICALLY FLOATING) 
TRUTH TABLE FOR Vout 
CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 4003 2 


Copyright © Harris Corporation 1996 
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Pin Descriptions 


FUNCTION 


Positive Supply. Nominal value is 11.2V +0.2V. Reducing supply voltage below 11.0V will reduce positive output voltage 
swing. The total supply voltage from Voc; to Veg; should not exceed 18.0V for normal operation or exceed 19.0V to 
prevent damage. Harris recommends two wire bonds to this pad to provide the lowest possible impedance. In addition, 
power supply decoupling chip capacitors of 470pF, 0.1uF and a 10uF tantalum are recommended. Do not connect the 
Voci1 and Vcc2 pins together immediately, rather run separate traces until they can be joined at a large by-pass capacitor 
(0.1pF Il 10.0uF). 


Voct 


Negative Supply. Nominal value is -6.4V +0.2V. A supply voltage more positive than -6.2V will reduce negative output 
voltage swing. The total supply voltage from Vcc; to Veg, should not exceed 18.0V for normal operation or exceed 19.0V 
to prevent damage. Harris recommends two wire bonds to this pad to provide the lowest possible impedance. In addition, 
power supply decoupling chip capacitors of 470pF, 0.14F and a 10uF tantalum are recommended. Do not connect the 
Vee1 and Veep pins together immediately, rather run separate traces until they can be joined at a large by-pass capacitor 
(0.1pF Il 10.0uF). 


VEE1 


Output Stage Positive Supply. Nominal voltage and cautions are the same as for Voc. Having decoupling chip capaci- 
tors close to Vcc2 and Veg> is essential since large AC current will flow through this pad to the output during transients. 
Harris recommends two wire bonds for this pad. Do not connect the Vcc; and Vcco pins together immediately, rather 
run separate traces until they can be joined at a large by-pass capacitor (0.1pF |] 10.0uF). 


Output Stage Negative Supply. Nominal voltage and cautions are the same as for Vee. Having decoupling chip capac- 
itors close to Vcc and VeEgz is essential since large AC current will flow through this pad to the output during transients. 
Harris recommends two wire bonds for this pad. Do not connect the Vere, and Vega pins together immediately, rather run 
separate traces until they can be joined at a large by-pass capacitor (0.1pF I] 10.0uF). 


VEE2 


Input Voltage High is used to set the output high level Voy. VHiGH is Sensitive to capacitively coupled AC noise. Protection 
from high frequency noise can be achieved with a low pass filter consisting of a 50Q chip resistor and a 470pF chip ca- 
pacitor. Without this precaution the pin driver may oscillate due to feedback from the output through the PC board ground. 


VHIGH 


Input Voltage Low is used to set the output low level VoL. VLow is sensitive to capacitively coupled AC noise. Protection 
from high frequency noise can be achieved with a low pass filter consisting of a 50Q chip resistor and a 470pF chip ca- 
pacitor. Without this precaution the pin driver may oscillate due to feedback from the output through the PC board ground. 


VLOw 


Driver Output. The output impedance has been laser trimmed to match a 50Q transmission line +2Q. Custom output im- 
pedance trimming is available (contact sales office for details) to provide the best match possible to your 50Q system. 


< a 
Oo 2) 
Cc Q) 
4 N 


DATA, DATA 


Differential Digital Inputs used to switch Voyrt to the ViuigH or VLow level. Harris recommends this input pair be driven 
by complementary ECL signals to provide optimal switching speeds and timing accuracy. However a large Common 
Mode and Differential Voltage Range is provided to accommodate a variety of signals including single ended TTL and 
CMOS. When using single ended signals the other input must be tied to an appropriate threshold voltage. 


Differential Digital Inputs used to switch Voyrt from an Active to a High Impedance State. Harris recommends that this 
input pair be driven by complementary ECL signals to provide optimal switching speeds and timing accuracy. However 
a large Common Mode and Differential Voltage Range is provided to accommodate a variety of signals including single 
ended TTL and CMOS. When using single ended signals the other input must be tied to an appropriate threshold voltage. 


+SRC The Positive Slew Rate Control Pin adjusts the rising edge slew rate with an external current IsteaL- |sTEAL draws current 
(OmA to 10mA) from an internal current source limiting the rate of change of the high impedance node. Typically an ex- 
ternal resistor to GND is sufficient to set the slew rate at a desired level. Leaving the +SRC Pin open will give the highest 


speed performance. The external current Iste,; fora resistor Rgteat Connected from +SRC to GND may be calculated 
by: IsTeAL = (Vcc - 0.35)/RsTEAL- 


-SRC The Negative Slew Rate Control Pin adjusts the falling edge slew rate with an external current IsteaL. IstEaAL supplies 
current (OmA to 10mA) to an internal current source limiting the amount of current being drawn from the circuit and thus 
limiting the rate of change of the high impedance node. Typically an external resistor to GND is sufficient to set the slew 
rate at a desired level. Leaving the -SRC Pin open will give the highest speed performance. The external current 
IsTEAL for a resistor RgstEaL Connected from -SRC to GND may be calculated by: 


ISTEAL = (Veg + 0.35)/RgTEAL- 
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Absolute Maximum Ratings 


SUG VONEOG 6 say sindedesewsese6055cee}oendeewne2e 19V 
Differential Input Voltage (DATA and HIZ) .................. 5V 
Output Current Continuous (Note 1).................05. 160mA 
Input Voltage (Any pin except as specified) .......... Voc to Veg 
Vey vonage (NSIS. G) sv icaeans senate s sane araes 9V to -4V 
ViiGi VONAGE onc ci ects ccc cease ews nee saae ewes Vcc to -4V 
Operating Conditions 

Wire VOURNG oe ass dna eed cis ard es nade ed bomen es os 9V to VEE 
VHIGH to VLow Voltage............. 11V to OV (VHiGH > VLow) 
Slew Rate Control Current (+SRC, -SRC)................ 12mA 
Temperature Range ............. cece cece ee eee 0°C to 50°C 


Thermal Information 


Thermal Resistance (Typical, Note 2) Bya (CCIW) 8yc (CCW) 
49 


20 Led PSOP PaCkOOO osc c access 2 

(8.j¢ Measured At Copper Slug Top Center with Infinite Heat Sink) 
Maximum Junction Temperature (Die).................085 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Maximum Storage Temperature Range .......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 


(PSOP - Lead Tips Only) 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Internal Power Dissipation may limit Output Current below 160mA. 


2. 8a is measured with the component mounted on an evaluation PC board in free air. 
3. Shorting the output to a voltage outside the specified range may damage the output. 


Electrical Specifications Voc = +11.2V; Veg = -6.4V; Vip = -0.9V; Vi_ = -1.75V; +SRC and -SRC are Not Connected Unless 


Otherwise Specified 


PARAMETER 
INPUT CHARACTERISTICS (VuiGH, VLow) 


TRANSFER CHARACTERISTICS 


TEST CONDITIONS 


ViginputOfsetVotags SSCS AY TO] 80 HOY 
Vow input OfsetVotage Sid SSCS A] 23 | 150] 80] 50] mV 
[WrghInputBias Current |Vangu=S25viovesv_| A | 25 | 50] 110 | 400] mA 
Vow InputBias Gurent _|Wiow=-35Viov25v__[ A | 25 | 400] 110 | 50 | uA 
Wich VotageRange ———SCSC~idSCSSCSCSCSCSC~CSCSCS AY | or] fos] V 
Vow Votage Range —————S—SC~id SSCS A] | 3] fs V 
Vici to Vow Diterental Volage Range Vaan Viow [A | |0| - |es| v1 
ata ea es 8M A 

fArasomv {A |] -| 2% |] mv 
LOGIC INPUT CHARACTERISTICS (DATA, DATA, HIZ, HIZ) 
[LogicinputVotiageRange———S—SSC~d SSCSCSCSCSCSCS SC YT HT TT 
[Logic Diferential Input Votlage | | 8 | os] - |s|v_ 
[DATATDATA Logic InputHigh Gurent __|Vin= OV, Vu=2V ‘|| A | 25 | 80] 110 | 700] nA 
Vin= OV, Vi = 2V [A] 25_[-700 | 300 [50 | na 
Vin= OV, Vi = QV A _] 25 [50 | 70 | 400] nA 
Vin= OV, Vi -2V [A] 25 [400 80 [50 | na 


Vig = -1V 10 6.5V [A 2% [oss] 097 7 i | wi 
Viow =-15V 10 6V [A [25 [oss[ 097 [7 | vv 
niin i a a as 
fFulscale=T0Sv.Notwe7 «| =A | 25 | 04[ - | oa] % | 
WiicHViow 3B Bandwidth «*(200mVpp Cd SBS 5 |S «100 ~*~ ~*'| «MH 
Typical Siew Rate ControlRange __—_—«dvisTeaL=OmAtoTOmA,SVStep | 8 | 2 | 10] - | 28| Vins 
SACPinVotage CT SCSCSCSC~C*~dCiSC*dSCSH | ‘(Vo - ‘| V 
CSRCPinVotage SS CESCSCSC™~—“C—sCSSCSY| CS SCT | - ‘Veer Ose] - | VY 
SWITCHING CHARACTERISTICS (Z; gap = 16 inches of RG-58 Terminated with 50Q) 
[Propagation Delay(Notes8,70) ST] CCSC™C~“—;*CS~é~sdYTSS CdS || TT ~~ 2 
[C= aa a ld ed Da 
Notes 8, 10) 
wong TCU 
(Notes 9, 10) 
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Electrical Specifications Voc = +11.2V; Veg = -6.4V; Vip = -0.9V; Vi, = -1.75V; +SRC and -SRC are Not Connected Unless 
Otherwise Specified (Continued) 


ners Elam [aslo 
PARAMETER TEST CONDITIONS (°C) TYP UNITS 
f= DG il ed Da Died a 
(Notes 9, 10) 
[ActvetoHiZDelay(Note1) |S TTC™C™C~iSCiSSEC ST | 20 =f OST ns | 
HIZto Active Delay(Note1) | ST TTSCSC~iSCSC‘ SCSdYSC Pe] 8S | BB os | 
TRANSIENT RESPONSE (Z; oap = 16 inches of RG-58 Terminated with 5pF) 
Rise/Fall Time 1Vp.p, 20% - 80% (Note 11) | B | 25 | 350] 450 | 500] ps | 
3Vp.p, 10% - 90% (Note 11) | B | 25 | 700] 890 | 1000] ps | 
Vp-p, 10%-90% (Note 12) | BS] 8 | a] 43 [7] ns 
[Rise/FallTime Match (Note 12) | TCT ST | - | 100 ~«dYC- «Cds 
Minimum Pulse Width (Note 13) Wee CidYCO TT | tO | - [os | 
ver TCSC~sdYCi“ TTT | te ds | 
Ver STTTCdT PT | [| 20 Cos 
[OvershoowUndershoovPreshoot —=—s«dSVpp SCSC*C~“‘(L SCL HT | OS | CTC 
[Data Setting Time (Note14) CI CE BCT SC] YY 10 CY CY Cs 
OUTPUT CHARACTERISTICS 
NoLoadatVec=11V.Vee=62v]._ A | |] 3] - | 8] V_ 
[Output Amplitude voltage VO VnSC~C*~“‘“‘“RSOCA~OC*C«CS]«Cf OST - ~SCL OV CY 
[DC Output Resistance (Notes) ——CsPaVtOOV, CECA CYC] AT? | | 
[OutputLeakage-HiZ SSC‘. SSSCSCSC*wECA CTs‘ 100 ~~ ~—*Y'—100 
[OutputCapacitance-HiZ——CESCSC~“‘“C*SOSS];~C*dL ST © | 8 | CCC 
[OutputCurrent-Actve OT CSCSC*dCSCA CYS | BO 100d mA 
[Output Shor CircuitRange (Notes) S| SS TCCSCSCSC~isSC<CAC*‘L CY OT «dL CV CY 


POWER SUPPLY CHARACTERISTICS (VyiGH = 5V Active, No Load) 


Viaan Power Supply Rjecton Rao Wot 16) | —______] A] @] |] @ [mv 
Vow Power Suply Rojecton Rato Note 16) [ao |] re] a0 Po 
Frotal Supply Curent a 8 88 88 | 
Tccwllees Supply Garon pe 
iaTleca Supply Curent i 
Supply Voltage Range Vec | A | 25 [11.0] 11.2 | 11.4 
Mee A ee] 8 fo 

Woo-Wee As re] 0 

Voo= 11.2. Vee= Sav Noead] A] 25] - |] 072 


NOTES: 

4. Test Level: A = 100% production tested, B = Typical or limit based on lab characterization of a limited number of lots, C = Design Infor- 
mation, goal or condition. 

5. VHIGH to VLow Interaction is measured as the change in Vout (the active channel) due to a change in the inactive channel. VyiGH In- 
teraction at 250mV is measured as the deviation from 1V as Vi gw is changed from OV to 750mV (Referred to Vout). VLow Interaction 
at 250mV is measured as the deviation from OV as VyiGH is changed from 1V to 250mV (Referred to Voyr). 

6. For Viigo = OV to 5V, for V_ow = OV to 5V, Fullscale = 5V, 0.1% = 5mV. Output Amplitude (VHiGH - VLow) = 1Vp-p 

7. For VHIGH = -2.5V to 8V, for VLow = -3.0V to 7.5V, Fullscale = 10.5V, 0.1% = 10.5mV. Output Amplitude (ViHiGH - VLOw) = 1Vp-p. 

8. 3V Step, 50% duty cycle, 200ns period. 

9. OV to 3V Step, 200ns period, Pulse Width is varied from 5ns to 195ns. 

10. Test is performed into a 50Q load with a 3V step. Measurement is made from the 50% of the input to 50% of output. 

11. Limit based on calculation. Not 100% tested. 

12. 5V Step, 50% duty cycle, 100ns period. 100% Tested. 

13. Minimum Pulse Width is measured 50% to 50% of specified amplitude with pulse peak at 100% of amplitude. 

14. 3V Step, measured from 50% of input to +1% of reference value at 50ns. 

15. Dynamic Output Resistance will be higher (typ 48.5) than DC Output Resistance. DC Output Resistance is measured at OV with loyt 
set from OmA to 40mA. 

16. ViiGH = 2-6V, VLow = 2.3V, Voc = 10.2V to 11.2V, Veg = -5.4V to -6.4V. 

17. Input voltages VHigH and Vi ow are corrected for Offset Voltage and Gain Error. 
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Functional Block Diagram 


The HFA5253 functional block diagram is shown in on the first 
page of this data sheet. 


The control inputs, DATA and DATA, determines the output 
level. If DATA is at logic “1” and DATA is at logic “O”, the output 
level will be the same as ViyiGu. If DATA is at logic “O” and DATA 
is at logic “1”, the output will be the same as V; ow. The control 
inputs, HIZ and HIZ, cause the output to become either active 
or high-impedance. If HIZ is at logic “1” and HIZ is at logic “O”, 
the output will be in high impedance mode. If HIZ is at logic “O” 
and HIZ is at logic “1”, the output will be enabled. The output 
impedance in the enabled mode is trimmed to 50Q. 


Circuit Schematic 


The Pin Driver circuit consists of a switch, an output buffer, 
and two differential control elements as shown in the circuit 
Schematic Diagram. 


A two stage approach, separating the switch from the output 
buffer, allows the speed and accuracy requirements of the 
switch to be de-coupled from the load driving capability of 
the buffer. 


The patented switch circuitry [3] uses cascaded emitter fol- 
lowers as input buffers and also to switch the input VyiGH 
and Vi ow to node VSO. Dual differential pairs controlled by 
the data timing (DATA and DATA) direct current to select 


either the VuigH or VLow switch. Matching transistor types 
and transdiodes improve linearity and lowers the voltage off- 
set and offset drift. Stacking two emitter-base junctions 
allows the Viigo to VLow range to be extended to two 
Emitter - Base breakdown voltages of the process. The 
speed of the pin driver is largely determined by the current 
flowing through the switch stage and the collector-base 
capacitance of the output stage transistors connected to the 
node VSO. The Slew Rate Control Pins, +SRC and -SRC, 
allow the user to control the amount of current available in 
the Vii and Vi ow switch, respectively and thus the slew 
rate of node VSO. 


The output stage consists of cascaded emitter followers con- 
structed in a typical push-pull manner as shown in the 
Schmatic Diagram. However, transdiodes are added to 
increase the voltage breakdown characteristics of the output 
during high impedance mode. HIZ and HIZ control the mode 
of the output stage. A trimmed, NiCr resistor is added to pro- 
vide the 50Q output impedance. 


Overall, a symmetry of device types and paths is constructed 
to improve slew and delay symmetry. Both the ViyigH to Vout 
path and the Viow to Vout path contain three NPN and 
three PNP transistors operating at similar collector currents. 
Thus the transient response of Viwigh to VLow and Vow to 
VHIGH are kept symmetrical. Also, a trimmable current refer- 
ence (not shown) allows the AC parameters to be adjusted to 
maintain unit to unit consistency. 


Schematic Diagram 


VuHiGH/VLow CONTROL 


+SRC © 


Voc1 


VEE1 


SWITCHING STAGE 


OUTPUT STAGE Vcc29 HIZ CONTROL 


: 


c 


BS 
: 
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Application Information 


The HFA5253 is a pin driver designed for use in automatic 
test equipment (ATE) and high speed pulse generators. Pin 
drivers, especially those with very high-speed performance, 
have generally been implemented with discrete transistors 
(sometimes GaAs) on a circuit board or in a hybrid. Recent 
IC process improvements, specifically Harris’ UHF1 process 
[2], have enabled the manufacturing of the 500MHz and 
800MHz silicon monolithic pin drivers, HFA5250, HFA5251 
and now the HFA5253. 


The ultra high speed performance of the HFA5253 is a result 
of UHF1 process leverages: low parasitic collector-to-sub- 
strate capacitance of the bonded wafer, low collector-to-base 
parasitic capacitance of the self-aligned base/emitter tech- 
nology and ultra high fy NPN (8GHz) and PNP (5.5GHz) 
poly-silicon transistors. 


Definition of Terms 
Von and Vo. 


Output High Voltage and Output Low Voltage. Voy is the 
voltage at Voyt when the HIZ input is low and the DATA 
input is high. Vo, is the voltage at Voyt when HIZ is low 
and DATA is low. The Voy and Vo, levels are set with the 
VHIGH and Vi ow inputs respectively. 


Offset Voltage 


Offset Voltage is the DC error between the voltage placed on 
VHIGH OF VLow and the resulting Voy and Voi. VHiGH Off- 
set Voltage Error is obtained by measuring Voy with Vico 
set to OV and Viow set to -2.5V to minimize interaction 
effects. Viow Offset Voltage Error is the measurement of 
VoL with VLow set to OV and VyjGH set to +7.5V. 


Gain 
Gain is defined as the ratio of output voltage change to input 


voltage change for a defined range. ViyigH Gain is calcu- 
lated with the following equation with Vi ow fixed at -2.5V: 


Vow Gain is calculated in a similar manner. 


VHIGH is held fixed at 7.5V. These Gain calculations minimize 
the effects of Interaction and End Point Nonlinearities. 


Linearity Error 


Linearity Error is a measure of output voltage worst case 
deviation from a straight line that has been corrected for off- 
set and 7.5V Gain. Linearity Error is given as a percentage 
of fullscale and is done in two ranges, 5V and 10.5V. DATA is 
measure at 0.5V steps from -2.5V to 8V for VuigH and -3V 
to 7.5V for VLow. The Linearity Error equation is as follows 
for 10.5V fullscale: 


Voyt(IDEAL) = Vin X Gain + Offset 


Vout - Vour(IDEAL) 
10.5 
The Linearity Error equation is as follows for 5V fullscale: 


Vout - Your IDEAL) 
5 


Linearity Error = 


Linearity Error = 


Linearity Error is calculated for every data point in the range 
and the worst case value is recorded. 


VHIGH tO VLow Interaction 


VHIGH to VLow Interaction is the change in Voyt (the active 
channel) due to the inactive channel. VyiGuH Interaction is mea- 
sured as the change in Voy from 1V as Vi ow is moved from 
OV to 750mV (Vi ow is corrected for gain and offset errors). 
VLow Interaction is measured as the change in Vo, from OV 
as VHIGH is moved from 1V to 250mV (with ViigH corrected 
for gain and offset errors). The minimum recommended differ- 
ence between VyiGH and Vi ow for the HFA5253 is 250mV. 


Speed Advantage 


Harris Pin Drivers on bonded-wafer technology definitely 
have a speed advantage, coming from the low collector-to- 
substrate capacitance and the high fy of the transistors. In 
addition, the patented switching stage which fits uniquely to 
Harris’ UHF1 process is another big contributor for the high 
speed. This switching circuitry requires low series-resistance 
NPN and PNP transdiodes available in UHF1. The rise and 
fall times of the pin driver are largely determined by the slew 
rate at the node VSO in the Schematic. The dominant mech- 
anism for the slew rate is the charging/discharging of the col- 
lector-base capacitors of the transistors connected to the 
node VSO. The charging/discharging currents are coming 
from the switching stage current sources. The fast rise and 
fall times are achieved because of the negligible collector-to- 
substrate capacitance and the small base-collector capaci- 
tance due to the self-aligned recessed oxide [2]. 


The DATA/DATA differential stage is not a factor for the speed if 
its current sources have enough current not to bottleneck the 
transient. However it should be noted that the propagation 
delay mismatch is determined by this stage. Sufficient current is 
allocated to the differential stage current sources to best match 
the low-to-high and high-to-low transient propagation delays. 


The specified load condition is a 16 inch 50Q SMA cable with a 
5pF capacitor at the end of the cable. This load simulates a typ- 
ical ATE environment for a DUT (Device Under Test) with high 
impedance (>1kQ) digital inputs. The rise/fall time for HFA5253 
with 5Vp-p is typically 1.3ns. Pin drivers, built out of the same 
circuit structure as shown in the Schematic, can be made faster 
by trimming for a higher power supply current. Currently the pin 
driver has rise/fall times of less than 1ns (10% to 90% of 5Vp_p) 
when Icc is trimmed to 125mA. Further speed enhancement 
will be made if there is a market demand. 


Basic ATE System Application 


Figure 1 shows a pin driver in a typical per-pin ATE system. The 
pin driver works closely with the Dual-Level Comparator and 
the Active Load. When the DUT pin acts as an input waiting for 
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a series of digital signals, the pin driver becomes active with a 
logic “O” applied on the HIZ pin and provides the DUT pin with 
digital signals. When the DUT pin acts as an output, the pin 
driver output will be in high impedance mode (HIZ) with a logic 
“1” applied to the “HIZ’ pin. During this high impedance mode 
the pin driver presents a capacitance of less than 5pF to the 
DUT. Special care has to be taken to match the impedance (to 
50Q) at the pin driver output to minimize reflections. 


The Dual-Level Comparator detects the logic levels of the 
DUT pin when it acts as an output. The comparator has two 
threshold level inputs, Voy and Vc. The logic level informa- 
tion of the DUT pin output is sent to the edge/window compar- 
ator through the Dual-Level Comparator. The edge/window 
comparator interprets this information in terms of correspond- 
ing transient performance in conjunction with the timing infor- 
mation. Thus it detects any possible failure transients. 


The formatter sends a sequence of digital information to the 
pin driver which contains logic information over time. The 
Active Load is enabled when the DUT pin acts as an output. 
It simulates the load of the DUT pin by sinking or sourcing 
programmed current. Finally the sequencer controls the 
overall activities of the automatic testing. 


Decoupling Circuit for Oscillation-Free 
Operation 


To ensure oscillation-free operation in ATE or pulse genera- 
tor applications, the pin driver needs an appropriate decou- 
pling circuit on a printed circuit board which consists of chip 
capacitors and chip resistors. Figures 2, 3, and 4 refer to a 
proven decoupling circuit currently working in the lab and a 
1X scale film of its associated PC board (metal level). Do not 
connect the Vcc; and Voce pins or the Veg; and Vege pins 
together immediately, rather run separate traces until they can 
be joined at a large by-pass capacitor (0.1,F || 10.0,F). 


The control pins, DATA, DATA, HIZ, and HIZ are fed ECL sig- 
nals through 50Q micro-strip lines terminated with 50Q for 
impedance matching since the input impedance at these 
pins is much higher than 50Q. At the end of the micro-strip 
lines there is usually a high-speed pulse generator with an 
output impedance of 50Q. A 50 micro-strip line is con- 


TIMING 


SEQUENCER 


TIMING 


nected to each of the pins, DATA and HIZ through a 50Q chip 
resistor to monitor the pulse signals. 


PARTS LIST 


1002 Chip Res: 0805 


Le 


Twisted Wire Assemblies with 4 Wires Each: 
One for Voc; VHIGH; tSRC, GND; and 1 for Veg, 
VLow; “SRC, GND. 


The input pins, VuiagH, VLow +SRC, and -SRC need to be 
protected from any capacitively coupled AC noise. Normally 
this protection can be achieved by having a low pass filter 
consisting of a 50Q chip resistor and a chip capacitor, 470pF 
for VuiGH/VLow and 0.1yF for +SRC/-SRC. Without this 
protection circuit the pin driver may oscillate due to signals 
fed back from the output through the PC board ground. 


The power supply pins, Voc1, Vocea, VeEE1, and VeEgo, 
require decoupling chip capacitors of 470pF, 0.1pF, 10pF. 
Having decoupling capacitors close to Voc2 and Vego is 
essential since large AC current will flow through either 
Voce Or Vege during transients. 


The output of the pin driver is usually connected to the device- 
under-test (DUT) through 50Q micro-strip line and coaxial cable 
which carries the signal to a high input impedance DUT pin. 


DUAL LEVEL COMPARATOR 


FIGURE 1. TYPICAL ATE SYSTEM 
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FIGURE 2. DECOUPLING CIRCUIT SCHEMATIC 


FIGURE 3. 1X PC BOARD LAYOUT (BOTTOM VIEW) 


References 


[1] Taewon Jung and Donald K. Whitney Jr., “A 500MHz 
ATE Pin Driver,” Bipolar Circuits and Technology 
Meeting Proceedings, pp238-241, October 1992. 


[2] Chris K. Davis et. al., “UHF1: A High Speed Complementary 
Bipolar Analog Process on SOI,” Bipolar Circuits and Tech- 
nology Meeting Proceedings, pp260-263, October 1992. 


HFA5253 EVAL BOARD 
HARRIS SEMICONDUCTOR 


D-SCOPE 
ae 


| oa os fi 
eivli:, 
" ® 


SPECIAL ANALOG 
CIRCUITS 


FIGURE 4. 1X PC BOARD LAYOUT (TOP VIEW) 
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Typical Performance Curves 


IsTeaL = CURRENT FLOWING OUT OF +SRC FOR 
RISING EDGE OR -SRC FOR FALLING EDGE 


0 2 4 6 8 10 12 14 16 18 20 
TIME (ns) 


FIGURE 5. 5V STEP RESPONSE vs SLEW RATE CONTROL 


IsTEAL = CURRENT FLOWING OUT OF +SRC FOR 
RISING EDGE OR -SRC FOR FALLING EDGE 


TIME (ns) 


FIGURE 6. 5V STEP RESPONSE vs SLEW RATE CONTROL 
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Typical Performance Curves (continued) 


(A) LNdLNO 


TIME (ns) 


500ps/DIV. 


1V/DIV.; 


FIGURE 7. MINIMUM PULSE WIDTH 


SLINDUID 
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Vin (V) 


FIGURE 8. Voyt ERROR vs Vin 
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Typical Performance Curves (continued) 


LINEARITY (% OF 10.5V FULLSCALE) 


Vin (V) 


LINEARITY (% OF 10.5V FULLSCALE) 


FIGURE 10. VLow LINEARITY ERROR 10.5V FULLSCALE 
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Typical Performance Curves (continued) 
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FIGURE 11. Viich/VLow INTERACTION 
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Vout (V) 
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FIGURE 12. Viigu/VLow INTERACTION 
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Typical Performance Curves (Continued) 


OUTPUT LEAKAGE (nA) 


OUTPUT VOLTAGE (V) 


FIGURE 13. HIZ OUTPUT LEAKAGE 


+SLEW RATE (V/ns) 


NOTE: SLEW RATE WILL CONTINUE TO DECLINE AS +SRC 
CURRENT IS INCREASED BEYOND 12mA 


+SRC CURRENT (mA) 
FIGURE 14. (+) SLEW RATE vs IsteaL 
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Typical Performance Curves (continued) 


-SLEW RATE (V/ns) 


NOTE: SLEW RATE WILL CONTINUE TO DECLINE AS 
+SRC CURRENT IS INCREASED BEYOND 12mA 


-SRC CURRENT (mA) 


FIGURE 15. (-) SLEW RATE vs IsteaL 
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VOLTAGE STEP (VGH - VLow) (VY) 


NOTE: The family of curves shows slew rate as a function of common mode voltage. A voltage is provided for each trace specifying one level 
of the voltage step for which slew rate is measured. Example 1: Top Trace (VHiGH = 8V, IstEAL = OMA). A voltage step of 1V goes from 
Viow = 7V to VGH = 8V and a voltage step of 9V goes from Vi ow = -1V to VHiGH = 8V. Example 2: Trace (V_ow = -3V, IsteEaAL = OMA). A 
voltage step of 1V goes from V_ow = -3V to VHiGH = -2V and a voltage step of 9V goes from Vi ow = -3V to VHiGH = 6V. 


FIGURE 16. (+) SLEW RATE vs AMPLITUDE 
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Typical Performance Curves (continued) 


-SLEW RATE (V/ns) 


VHIGH = 8V, IsteaL = 10MA 
Viow = OV, IsteaL = 10mA 
Viow = -3V, IsteaL = 10mA 


VOLTAGE STEP (Vig -VLow) (V) 


NOTE: The family of curves shows slew rate as a function of common mode voltage. A voltage is provided for each trace specifying one level 
of the voltage step for which slew rate is measured. Example 1: Top Trace (VHiGH = 8V, IsteEAL = OMA). A voltage step of 1V goes from 
VHIGH = 8V to VLow = 7V and a voltage step of 9V goes from VyiGH = 8V to VLow = -1V. Example 2: Trace (VLow = -3V, IsteaL = OMA). A 
voltage step of 1V goes from VHiGH = -2V to VLow = -3V and a voltage step of 9V goes from VyjiGH = 6V to VLow = -8V. 


FIGURE 17. (-) SLEW RATE vs AMPLITUDE 
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FIGURE 18. 0.5V STEP RESPONSE vs Ci oap 
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Typical Performance Curves (continued) 
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FIGURE 19. 0.5V STEP RESPONSE vs C; gap 
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DIE DIMENSIONS: PASSIVATION: 
2670um x 1730m x 525um Nitride, 4kA +0.5kA 
METALLIZATION: TRANSISTOR COUNT: 

Type: Metal 1: Cu (2%) SiAl/TiW 113 


Thickness: Metal 1: BkA +0. 4kA 


Backside: Gold 
Type: Metal 2: Cu (2%) Al 


SUBSTRATE POTENTIAL: 


Thickness: Metal 2: 16kA +0.8kA 


Metallization Mask Layout 
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November 1996 1MHz, Four Quadrant Analog Multiplier 


Features Description 


© ACCUIBGY 1600 ks sewne een woes +0.5% (“A” Version) The ICL8013 is a four quadrant analog multiplier whose out- 
put is proportional to the algebraic product of two input sig- 
nals. Feedback around an internal op amp provides level 
Bandwidth shifting and can be used to generate division and square 
: root functions. A simple arrangement of potentiometers ma 
Uses Standard +15V Supplies be used to trim gain accuracy, offset voltage 
Built-In Op Amp Provides Level Shifting, Division and feedthrough performance. The high accuracy, wide band- 
Square Root Functions width, and increased versatility of the |CL8013 make it ideal 
for all multiplier applications in control and instrumentation 
systems. Applications include RMS measuring equipment, 
frequency doublers, balanced modulators and demodula- 

tors, function generators, and voltage controlled amplifiers. 


Input Voltage Range ..............seeeeeeee +10V 


Ordering Information 


PART NUMBER MULTIPLICATION ERROR TEMP. RANGE (°C) | PKG.NO. | 


ICL8013AMTX +0.5% | 8810125 10 PinMetalCan | T10.B 
Max 
ICL8013BMTX +1% -55 to 125 10 Pin MetalCan | T10.B 


ICL8013ACTX 10 Pin Metal Can | T10.B 
ICL8013BCTX 0 to 70 10 Pin Metal Can T10.B 


ICL8013CCTX 0 to 70 10 Pin Metal Can T10.B 


Functional Diagram 


ICL8013 
(METAL CAN) 
TOP VIEW 


VOLTAGE TO CURRENT BALANCED 
CONVERTER AND VARIABLE GAIN 
SIGNAL COMPRESSION AMPLIFIER 
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CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2863.2 
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Absolute Maximum Ratings Thermal Information 
Bupely VONGNG k.ccosiccceewsn aeevncddnannaedateanen? +18 Thermal Resistance (Typical, Note 1) Bya (PCW) Ojo (CCW) 
Input Voltages (Xin, Yin, ZIN; XOS; Yos, ZoS) -- +--+ ++ VSUPPLY Metal Can Package............... 160 75 
Maximum Junction Temperature (Metal Can Package)....... 175°C 
Operating Conditions Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............ 300°C 
Temperature Range 
PS rs ode de eee bie aetie drbes hos 5as Goes 0°C to 70°C 
ORE, G4 | er er ee -55°C to 125°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. ®jq is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications T, = 25°C, Vsuppry = +15V, Gain and Offset Potentiometers Externally Trimmed, Unless Otherwise 
Specified 


[anaran | colton fame Tape Tem ST] owe 
PARAMETER CONDITIONS | MIN | TYP | MAX| MIN | TYP | MAX} MIN | TYP | MAX] UNITS 
a 
10 10 10 
po fee TL 
-10<Y<10 
Fe ereepivtoeanieicpesai _ 


= % Full Scal 
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Y=0,X=+10V 
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1% Amplitude Error 
1% Vector Error (0.5° Phase Shift) 


Settling Time Vin =+10V 1 
(to +2% of Final Value) 

Overload Recovery Vin = +10V 1 

(to +2% of Final Value) 


Output Noise sHztotoKHz | - | o6 | - | - | os | 
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Input Bias Current 
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Electrical Specifications Ty, = 25°C, Vsyppiy = +15V, Gain and Offset Potentiometers Externally Trimmed, Unless Otherwise 
Specified (Continued) 


PARAMETER conprmions [wn [ tve [wax] wi [T¥P [wax] WN [TP [WAX] UNITS 


Power Supply Variation 
Multiplication Error 0.2 0.2 0.2 %o!l%o 


Output fs aE Oe Ss Ce ee 
Seale Facto ee Ae Le ee Se ee 
CS , 


Multiplication Error -10V < Xjy < 10V, 
-10V < Yin < 10V 
Average Temp. Coefficients 
Accuracy 
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Application Information 


Detailed Circuit Description 


The fundamental element of the |CL8013 multiplier is the 
bipolar differential amplifier of Figure 1. 


FIGURE 1. DIFFERENTIAL AMPLIFIER 


The small signal differential voltage gain of this circuit is given by: 


A. = Vout _ Rr 
ee 
IN E 
7 1 _ kT 
Substituting r- = — = — 
aE aa ale 
R qic R 
L ER, 
Vout = vin(se) = VinX 4— 


The output voltage is thus proportional to the product of the 
input voltage Vijjy and the emitter current Ie. In the simple 
transconductance multiplier of Figure 2, a current source 
comprising Q3, Dy, and Ry is used. If Vy is large compared 
with the drop across Dj, then 
V 
Y 

In==— = 2le and 
D Ry E 

qR, 
Vout = KTR, x” Vy) 


5 V+ 


Ri Ri 


qRL 
Vout = K (Vx x Vy) = re (Vx x Vy) 
Y 


VIN 


FIGURE 2. TRANSCONDUCTANCE MULTIPLIER 
There are several difficulties with this simple modulator: 


1. Vy must be positive and greater than Vp. 


2. Some portion of the signal at Vy will appear at the output 
unless Ie = 0. 


3. Vx must be a small signal for the differential pair to be linear. 


4. The output voltage is not centered around ground. 


The first problem relates to the method of converting the Vy 
voltage to a current to vary the gain of the Vy differential pair. A 
better method, Figure 3, uses another differential pair but with 
considerable emitter degeneration. In this circuit the differential 
input voltage appears across the common emitter resistor, pro- 
ducing a current which adds or subtracts from the quiescent 
current in either collector. This type of voltage to current con- 
verter handles signals from OV to +10V with excellent linearity. 


FIGURE 3. VOLTAGE TO CURRENT CONVERTER 


The second problem is called feedthrough; i.e., the product 
of zero and some finite Input signal does not produce zero 
output voltage. The circuit whose operation is illustrated by 
Figures 4A, 4B, and 4C overcomes this problem and forms 
the heart of many multiplier circuits in use today. 


This circuit is basically two matched differential pairs with 
cross coupled collectors. Consider the case shown in Figure 
4A of exactly equal current sources basing the two pairs. 
With a small positive signal at Vij, the collector current of Q, 
and Qg, will increase but the collector currents of Qo and Qz 
will decrease by the same amount. Since the collectors are 
cross coupled the current through the load resistors remains 
unchanged and independent of the Vj input voltage. 


In Figure 4B, notice that with Vij) = 0 any variation in the ratio of 
biasing current sources will produce a common mode voltage 
across the load resistors. The differential output voltage will 
remain zero. In Figure 4C we apply a differential input voltage 
with unbalanced current sources. If lE1 is twice Io the gain of 
differential pair Q, and Qo is twice the gain of pair Q3 and Qy. 
Therefore, the change in cross coupled collector currents will 
be unequal and a differential output voltage will result. By 
replacing the separate biasing current sources with the voltage 
to current converter of Figure 3 we have a balanced multiplier 
circuit capable of four quadrant operation (Figure 5). 


FIGURE 4A. INPUT SIGNAL WITH BALANCED CURRENT 
SOURCES AVoyt = 0V 
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FIGURE 4B. NO INPUT SIGNAL WITH UNBALANCED CURRENT 
SOURCES AVoyt = OV 


FIGURE 4C. INPUT SIGNAL WITH UNBALANCED CURRENT 
SOURCES, DIFFERENTIAL OUTPUT VOLTAGE 


This circuit of Figure 5 still has the problem that the input 
voltage Vjjy must be small to keep the differential amplifier in 
the linear region. To be able to handle large signals, we need 
an amplitude compression circuit. 


FIGURE 5. TYPICAL FOUR QUADRANT MULTIPLIER- 
MODULATOR 


Figure 2 showed a current source formed by relying on the 
matching characteristics of a diode and the emitter base junc- 
tion of a transistor. Extension of this idea to a differential circuit 
is shown in Figure 6A. In a differential pair, the input voltage 
splits the biasing current in a logarithmic ratio. (The usual 


assumption of linearity is useful only for small signals.) Since 
the input to the differential pair in Figure 6A is the difference in 
voltage across the two diodes, which in turn is proportional to 
the log of the ratio of drive currents, it follows that the ratio of 
diode currents and the ratio of collector currents are linearly 
related and independent of amplitude. If we combine this circuit 
with the voltage to current converter of Figure 3, we have 
Figure 6B. The output of the differential amplifier is now propor- 
tional to the input voltage over a large dynamic range, thereby 
improving linearity while minimizing drift and noise factors. 


The complete schematic is shown after the Electrical Specifica- 
tions Table. The differential pair Q3 and Q4 form a voltage to 
current converter whose output is compressed in collector 
diodes Q, and Qo. These diodes drive the balanced cross-cou- 
pled differential amplifier Q7/Qg Qy4/Qi5. The gain of these 
amplifiers is modulated by the voltage to current converter Qg 
and Qo. Transistors Q5, Qg, Qy1, and Qyo are constant cur- 
rent sources which bias the voltage to current converter. The 
output amplifier comprises transistors Qy¢ through Qo7. 


FIGURE 6B. VOLTAGE GAIN WITH SIGNAL COMPRESSION 


Definition of Terms 


Multiplication/Division Error: This is the basic accuracy speci- 
fication. It includes terms due to linearity, gain, and offset errors, 
and is expressed as a percentage of the full scale output. 


Feedthrough: With either input at zero, the output of an 
ideal multiplier should be zero regardless of the signal 
applied to the other input. The output seen in a non-ideal 
multiplier is known as the feedthrough. 


Nonlinearity: The maximum deviation from the best 
Straight line constructed through the output data, expressed 
as a percentage of full scale. One input is held constant and 
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the other swept through it nominal range. The nonlinearity is 
the component of the total multiplication/division error which 
cannot be trimmed out. 


Typical Applications 


Multiplication 


In the standard multiplier connection, the Z terminal is con- 
nected to the op amp output. All of the modulator output cur- 
rent thus flows through the feedback resistor Ro7 and 
produces a proportional output voltage. 


Multiplier Trimming Procedure 
1. Set Xix = Yin = OV and adjust Zog for zero Output. 


2. Apply a +10V low frequency (<100Hz) sweep (sine or trian- 
gle) to Yjxy with Xjpqy = OV, and adjust Xo5 for minimum output. 


3. Apply the sweep signal of Step 2 to Xj with Yjyy = OV and 
adjust Yos for minimum Output. 


4. Readjust Zos as in Step 1, if necessary. 


5. With Xiy = 10.0Vpc and the sweep signal of Step 2 applied 
to Yjx,, adjust the Gain potentiometer for Output = Yjjy. This 
is easily accomplished with a differential scope plug-in 
(A+B) by inverting one signal and adjusting Gain control for 
(Output - Yjjy) = Zero. 


FIGURE 7B. MULTIPLIER CIRCUIT CONNECTION 


Division 

lf the Z terminal is used as an input, and the output of the op 
amp connected to the Y input, the device functions as a 
divider. Since the input to the op amp is at virtual ground, 
and requires negligible bias current, the overall feedback 
forces the modulator output current to equal the current pro- 
duced by Z. 


Z 
IN 
10Z)y) 


Since Yin, = Vout Vout = ; a; 


Note that when connected as a divider, the X input must be a 
negative voltage to maintain overall negative feedback. 


Divider Trimming Procedure 
1. Set trimming potentiometers at mid-scale by adjusting 
voltage on pins 7, 9 and 10 (Xo, Yos, Zos) for OV. 


2. With Zjx = OV, trim Zos to hold the Output constant, as 
Xin is varied from -10V through -1V. 


3. With Z)y = OV and Xx = -10.0V adjust Yos for zero Output 
voltage. 


4. With Zjj = Xx (and/or Zjx = -Xjpxy) adjust Xog for minimum 
worst case variation of Output, as Xj, is varied from -10V 
to -1V. 


5. Repeat Steps 2 and 3 if Step 4 required a large initial ad- 
justment. 


6. With Zjy = Xx (and/or Zjx = -Xjx) adjust the gain control 
until the output is the closest average around +10.0V 
(-10V for Zjxy = -XjN) AS Xin is varied from -10V to -3V. 


MODULATOR 


FIGURE 8A. DIVISION BLOCK DIAGRAM 


Xos Yos Zos 


(0 TO -10V) 


FIGURE 8B. DIVISION CIRCUIT CONNECTION 


Squaring 


The squaring function is achieved by simply multiplying with the 
two inputs tied together. The squaring circuit may also be used as 
the basis for a frequency doubler since coswt = "lp (cos 2at + 1). 
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Xos Yos Zos 


FIGURE 9B. SQUARER CIRCUIT CONNECTION 


Square Root 


Tying the X and Y inputs together and using overall feedback 
from the op amp results in the square root function. The out- 
put of the modulator is again forced to equal the current pro- 
duced by the Z input. 


lo = XinX Yin = (-Voyr)? = 102Z)n 


Vout = -/194in 


The output is a negative voltage which maintains overall 
negative feedback. A diode in series with the op amp output 
prevents the latchup that would otherwise occur for negative 
input voltages. 


Square Root Trimming Procedure 
1. Connect the ICL8013 in the Divider configuration. 


2. Adjust Zos, Yos, Xos, and Gain using Steps 1 through 6 
of Divider Trimming Procedure. 


3. Convert to the Square Root configuration by connecting 
Xin to the output and inserting a diode between Pin 4 and 
the output node. 


4. With Zjx = OV adjust Zog for zero output voltage. 


XIN Vout = -¥1 OZ 


b | MopuLAToR 


FIGURE 10A. SQUARE ROOT BLOCK DIAGRAM 


FIGURE 10B. ACTUAL CIRCUIT CONNECTION 


Variable Gain Amplifier 


Most applications for the ICL8013 are straight forward 
variations of the simple arithmetic functions described 
above. Although the circuit description frequently disguises 
the fact, it has already been shown that the frequency 
doubler is nothing more than a squaring circuit. Similarly the 
variable gain amplifier is nothing more than a multiplier, with 
the input signal applied at the X input and the control voltage 
applied at the Y input. 


FIGURE 11. VARIABLE GAIN AMPLIFIER 


V+ 


20K YosO-—<20K Zos O-> 


\V- 


Xos O-—> 20K 


FIGURE 12. POTENTIOMETERS FOR TRIMMING OFFSET AND 
FEEDTHROUGH 
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Typical Performance Curves 


AMPLITUDE (dB) 


FIGURE 13. FREQUENCY RESPONSE 


FEEDTHROUGH (dB) 
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FIGURE 14. NONLINEARITY vs FREQUENCY 
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FIGURE 15. FEEDTHROUGH vs FREQUENCY 
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Precision Waveform Generator/ 
Voltage Controlled Oscillator 


Features Description 


¢ Low Frequency Drift with Temperature... 250ppm/°C The ICL8038 waveform generator is a monolithic integrated 


circuit capable of producing high accuracy sine, square, tri- 


> LGW DIOMIGH vis kswrexn ses Ve (ollie Wave Outpul) angular, sawtooth and pulse waveforms with a minimum of 
* High Linearity «iis eens 0.1% (Triangle Wave Output) external components. The frequency (or repetition rate) can 

; be selected externally from 0.001Hz to more than 300kHz 
* Wide Frequency Range.......... 0.001Hz to 300KH2 Using either resistors or capacitors, and frequency modula- 
e Variable Duty Cycle................0005 2% to 98% tion and sweeping can be accomplished with an external 


voltage. The ICL8038 is fabricated with advanced monolithic 
technology, using Schottky barrier diodes and thin film resis- 
tors, and the output is stable over a wide range of tempera- 
ture and supply variations. These devices may be interfaced 
with phase locked loop circuitry to reduce temperature drift 
to less than 250ppm/°C. 


High Level Outputs .................05: TTL to 28V 


e Simultaneous Sine, Square, and Triangle Wave 
Outputs 


e Easy to Use - Just a Handful of External Components 
Required 


Ordering Information 


[PARTNUMBER | STABILITY | _TEMP.RANGE(C) | PACKAGE | PKG.NO. 
2509pmi°C Ma) 


NOTE: Add /883B to part number if 883 processing is required. 


Pinout Functional Diagram = 
ICL8038 re) 
(PDIP, CERDIP) os ZO 
TOP VIEW CURRENT (7 Pi 
SOURCE fe {> 
#1 XO COMPARATOR 30 
|! W #1 <x 
SINE WAVE Fa] ne 10 DO 
ADJUST [2 ts 
SINE COMPARATOR ” 
WAVE OUT 13] Ne c pe 
TRIANGLE SINE WAVE 
OUT ADJUST 
DUTY CYCLE 111] V- OR GND 
FREQUENCY 
ADJUST TIMING CURRENT (7 
CAPACITOR SOURCE (A FLIP-FLOP 
v+ [6] pie " {_e 
WAVE OUT > V- OR GND 
11 
=e FM SWEEP 


INPUT 


¢ SLL 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 


Copyright © Harris Corporation 1996 
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Absolute Maximum Ratings Thermal Information 
Supply Vollage (Vt V4) on ccc cacoravciercevsiewnse sens 36V Thermal Resistance (Typical, Note 1) Oya (CCW) 8yc (CCW) 
input Votiags (ANY PIN). cs cccasceuawascnncea wissen V- to V+ CERDIP Package ..csccctsseucnns 75 20 
input Current (Pins 4 atid &).... 2 c.cssceceerce ewes even was 25mA POIP PACKAGE . os isccunenscevenss 115 N/A 
Output Sink Current (Pins 3 and 9) ...............eeene 25mA Maximum Junction Temperature (Ceramic Package) ........ 175°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Operating Conditions Maximum Storage Temperature Range .......... -65°C to 150°C 
Maximum Lead Temperature (Soldering 10s)............. 300°C 
Temperature Range 
ICL8038AM, ICL8038BM ................... -55°C to 125°C 
ICL8038AC, ICL8038BC, ICL8038CC ............ 0°C to 70°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTE: 
1. 8a is measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Vsyppyy = +10V or +20V, Ty = 25°C, Ry = 10kQ, Test Circuit Unless Otherwise Specified 


cer | eemaice—[retomessen [cineca 
PARAMETER SYMBOL | CONDITIONS | MIN | TYP | MAX] MIN | TYP | MAX] MIN | TYP | MAX! UNITS 


Supply Voltage Operating Range 
Single Supply +10 +30 | +10 +30 | +10 


[Dual Supplies | [Dual Supplies | | = | 415 | p= | 415, aes | rail ee 


ISUPPLY nto 
12 | 15 12 | 15 


(Note 2) 

| 2 | eo] - | 2 | 20) 
100 | | 
P| 10 
ie | 35:1 
| - [02 | 


Supply Current 
8038AM 8038BM 
8038AC, 8038BC, 8038CC 
FREQUENCY CHARACTERISTICS (All Waveforms) 


3 
> 
fo) 


E fet te 
[os 


8038AM, 8038BM -55°C to 125°C = 


Frequency Drift with Supply Voltage Af/AV | Over Supply 0.05 
Voltage Range 


Sweep FM Range aa (Note 3) 
FM Linearity Pl 10:1 Ratio 


Frequency Drift with 
Temperature (Note 5) 


8038AC, 8038BC, 8038CC 


0°C to 70°C 


=) ie) 
oO alli 
oO ou 


id 
> 
+ 
i’) 
nn 


Square Wave 


Leakage Current Vg = 30V 


lOLK 


= ae 
Oo 
oO 


OUTPUT CHARACTERISTICS 
an 


rez fost — fe 
= 
oe 


0.2 
180 


ES 
2 


a 


0.05 


i 
La | 200 


Saturation Voltage IsiInK = 2mA 


VSAT 


~1o°O 


o 
iA 


Rise Time tr Ry = 4.7kQ 180 


Fall Time te Ry = 4.7kQ 


csi 


Lae 
ee 
98 
IRIAN. Rrpi = 100kQ 0.33 fos] = 0.30 | 0.33 
Le. 
LS 


es ee 
[Zour Poor=sna | - [eo] J 


Typical Duty Cycle Adjust (Note 6) 
Triangle/Sawtooth/Ramp 


Amplitude — 


Linearity 


o —_ 


Output Impedance 
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Electrical Specifications Vsyppyy = +10V or +20V, Ta = 25°C, R,. = 10kQ, Test Circuit Unless Otherwise Specified (Continued) 


PARAMETER SYMBOL | CONDITIONS | MIN | TYP | MAX] MIN | TYP | MAX| UNITS 
eames | or fours | - ao] | [ao] 
% 


Sine Wave 
V Rsine = 100kQ 0.2 | 0.22 0.22 


Amplitude SINE 
ae 
(Note 4) 
THD Adjusted = pts] fo] - | 
NOTES: 


2. Ra and Rp currents not included. 

. Vguppcy = 20V; Ra and Rp = 10kQ, f = 10kHz nominal; can be extended 1000 to 1. See Figures 5A and 5B. 
. 82kQ connected between pins 11 and 12, Triangle Duty Cycle set at 50%. (Use Ra and Rep.) 

. Figure 1, pins 7 and 8 connected, Vsyppty = +10V. See Typical Curves for T.C. vs Vsypp_y. 

. Not tested, typical value for design purposes only. 


© 
nN 
nh 


on & W 


Test Conditions 


SS 


Output Amplitude (Note 10) 
10kQ 10kQ 10kQ 


Sine 
10k2 | 10kQ 
= 


Duty Cycle Adjust (Note 11) 
50kQ ~1.6kQ 


Max 
Min ~25kQ 50kQ 
Triangle Waveform Linearity 10kQ 10kQ 


3.3nF Waveform at Pin 3 
Total Harmonic Distortion 10kQ 10kQ 3.3nF Waveform at Pin 2 
NOTES: 


7. The hi and lo frequencies can be obtained by connecting pin 8 to pin 7 (f4)) and then connecting pin 8 to pin 6 (fio). Otherwise apply 
Sweep Voltage at pin 8 (*/5 VsuppLy +2V) $ Vsweep < Vsuppty where Vsuppty is the total supply voltage. In Figure 5B, pin 8 should 
vary between 5.3V and 10V with respect to ground. 

8. 10V < V+ < 30V, or +5V < Vsuppty s +15V. 

9. Oscillation can be halted by forcing pin 10 to +5V or -5V. 

10. Output Amplitude is tested under static conditions by forcing pin 10 to 5V then to -5V. 
11. Not tested; for design purposes only. 


10kQ 


3.3nF Pk-Pk Output at Pin 2 


oar 


Bonk Waveform at Pin 9 


Triangle 


4.7kQ 


10kQ Waveform at Pin 9 


10kQ 


10k22 


10kQ 
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Test Circuit 
© +10V 
ICL8038 W 
5 -10V 
FIGURE 1. TEST CIRCUIT 
Detailed Schematic 


CURRENT SOURCES 


27K 


FLIP-FLOP = 


Application Information (See Functional Diagram) 


An external capacitor C is charged and discharged by two cur- 
rent sources. Current source #2 is switched on and off by a flip- 
flop, while current source #1 is on continuously. Assuming that 
the flip-flop is in a state such that current source #2 is off, and 
the capacitor is charged with a current I, the voltage across the 
capacitor rises linearly with time. When this voltage reaches the 
level of comparator #1 (set at 2/3 of the supply voltage), the flip- 
flop is triggered, changes states, and releases current source 
#2. This current source normally carries a current 2l, thus the 
Capacitor is discharged with a net-current | and the voltage 


Raa BUFFER AMPLIFIERO 2 
11 


i : 


oA 


SINE CONVERTER 


across it drops linearly with time. When it has reached the level 
of comparator #2 (set at 1/3 of the supply voltage), the flip-flop 
is triggered into its original state and the cycle starts again. 


Four waveforms are readily obtainable from this basic gener- 
ator circuit. With the current sources set at | and 21 respec- 
tively, the charge and discharge times are equal. Thus a 
triangle waveform is created across the capacitor and the 
flip-flop produces a square wave. Both waveforms are fed to 
buffer stages and are available at pins 3 and 9. 
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The levels of the current sources can, however, be selected 
over a wide range with two external resistors. Therefore, with 
the two currents set at values different from | and 2I, an 
asymmetrical sawtooth appears at Terminal 3 and pulses 
with a duty cycle from less than 1% to greater than 99% are 
available at Terminal 9. 


The sine wave is created by feeding the triangle wave into a 
nonlinear network (sine converter). This network provides a 
decreasing shunt impedance as the potential of the triangle 
moves toward the two extremes. 


Waveform Timing 


The symmetry of all waveforms can be adjusted with the 
external timing resistors. Two possible ways to accomplish 
this are shown in Figure 3. Best results are obtained by 
keeping the timing resistors Ra and Rp separate (A). Ra 
controls the rising portion of the triangle and sine wave and 
the 1 state of the square wave. 


The magnitude of the triangle waveform is set at "fa 
VsuppPLy:; therefore the rising portion of the triangle is, 


t) = Se SF 


FIGURE 2A. SQUARE WAVE DUTY CYCLE - 50% 


The falling portion of the triangle and sine wave and the 0 
State of the square wave is: 


1 = OXY _ CX 1/3VcuppLy _ —-RaRge 
ns V V ~ 0.66(2R, — Ra) 
2(0.22) SUPPLY _ 9 99 SUPPLY a~Rp 
Rp Ra 


Thus a 50% duty cycle is achieved when Ra = Rp. 


lf the duty cycle is to be varied over a small range about 50% 
only, the connection shown in Figure 3B is slightly more con- 
venient. A 1kQ potentiometer may not allow the duty cycle to 
be adjusted through 50% on all devices. If a 50% duty cycle 
is required, a 2kQ or 5kQ potentiometer should be used. 


With two separate timing resistors, the frequency is given by: 
fe 
t, +t, RaC ; Re 
0.66| *2R,-Rp 


or, if Ra =RR=R 


_ 0.33 
RC 
Neither time nor frequency are dependent on supply voltage, 
even though none of the voltages are regulated inside the 
integrated circuit. This is due to the fact that both currents 
and thresholds are direct, linear functions of the supply volt- 
age and thus their effects cancel. 


(for Figure 3A) 


R 
_ 
“\ 
a 


fee 


FIGURE 2B. SQUARE WAVE DUTY CYCLE - 80% 


FIGURE 2. PHASE RELATIONSHIP OF WAVEFORMS 


ICL8038 


o V- OR GND 


FIGURE 3A. 
FIGURE 3. POSSIBLE CONNECTIONS FOR THE EXTERNAL TIMING RESISTORS 


ICL8038 


o V- OR GND 
FIGURE 3B. 
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Reducing Distortion 


To minimize sine wave distortion the 82kQ resistor between 
pins 11 and 12 is best made variable. With this arrangement 
distortion of less than 1% is achievable. To reduce this even 
further, two potentiometers can be connected as shown in 
Figure 4; this configuration allows a typical reduction of sine 
wave distortion close to 0.5%. 


ICL8038 


V- OR GND 


FIGURE 4. CONNECTION TO ACHIEVE MINIMUM SINE WAVE 
DISTORTION 


Selecting Ra, Rg and C 


For any given output frequency, there is a wide range of RC 
combinations that will work, however certain constraints are 
placed upon the magnitude of the charging current for opti- 
mum performance. At the low end, currents of less than 1A 
are undesirable because circuit leakages will contribute sig- 
nificant errors at high temperatures. At higher currents 
(| >5mA), transistor betas and saturation voltages will con- 
tribute increasingly larger errors. Optimum performance will, 
therefore, be obtained with charging currents of 10uA to 
1mA. If pins 7 and 8 are shorted together, the magnitude of 
the charging current due to Ra can be calculated from: 


Ay we “V1 _ oe 


= ——______—__ X 
(Ry +Ro) Ra Ra 


R, and Ro are shown in the Detailed Schematic. 
A similar calculation holds for Rp. 


The capacitor value should be chosen at the upper end of its 
possible range. 


Waveform Out Level Control and Power Supplies 


The waveform generator can be operated either from a sin- 
gle power supply (10V to 30V) or a dual power supply (+5V 
to +15V). With a single power supply the average levels of 
the triangle and sine wave are at exactly one-half of the sup- 
ply voltage, while the square wave alternates between V+ 
and ground. A split power supply has the advantage that all 
waveforms move symmetrically about ground. 


The square wave output is not committed. A load resistor 
can be connected to a different power supply, as long as the 
applied voltage remains within the breakdown capability of 
the waveform generator (30V). In this way, the square wave 


output can be made TTL compatible (load resistor con- 
nected to +5V) while the waveform generator itself is pow- 
ered from a much higher voltage. 


Frequency Modulation and Sweeping 


The frequency of the waveform generator is a direct function 
of the DC voltage at Terminal 8 (measured from V+). By 
altering this voltage, frequency modulation is performed. For 
small deviations (e.g. +10%) the modulating signal can be 
applied directly to pin 8, merely providing DC decoupling 
with a capacitor as shown in Figure 5A. An external resistor 
between pins 7 and 8 is not necessary, but it can be used to 
increase input impedance from about 8kQ (pins 7 and 8 con- 
nected together), to about (R + 8kQ). 


For larger FM deviations or for frequency sweeping, the 
modulating signal is applied between the positive supply 
voltage and pin 8 (Figure 5B). In this way the entire bias for 
the current sources is created by the modulating signal, and 
a very large (e.g. 1000:1) sweep range is created (f = 0 at 
Vswee_ep = 0). Care must be taken, however, to regulate the 
supply voltage; in this configuration the charge current is no 
longer a function of the supply voltage (yet the trigger thresh- 
olds still are) and thus the frequency becomes dependent on 
the supply voltage. The potential on Pin 8 may be swept 
down from V+ by ("5 Vsuppty - 2V). 


ICL8038 


9 V-OR GND 


SWEEP 
VOLTAGE 


ICL8038 


o V- OR GND 


FIGURE 5B. CONNECTIONS FOR FREQUENCY SWEEP 
FIGURE 5. 
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Typical Applications 


The sine wave output has a relatively high output impedance 
(1kQ Typ). The circuit of Figure 6 provides buffering, gain 
and amplitude adjustment. A simple op amp follower could 
also be used. 


ICL8038 


FIGURE 6. SINE WAVE OUTPUT BUFFER AMPLIFIERS 


With a dual supply voltage the external capacitor on Pin 10 can 
be shorted to ground to halt the ICL8038 oscillation. Figure 7 
shows a FET switch, diode ANDed with an input strobe signal 
to allow the output to always start on the same slope. 


ICL8038 


F 
oz -15V (-10V) 
ON 


FIGURE 7. STROBE TONE BURST GENERATOR 


To obtain a 1000:1 Sweep Range on the ICL8038 the volt- 
age across external resistors Ra and Rp must decrease to 
nearly zero. This requires that the highest voltage on control 
Pin 8 exceed the voltage at the top of Ra and Rp by a few 
hundred mV. The Circuit of Figure 8 achieves this by using a 
diode to lower the effective supply voltage on the ICL8038. 
The large resistor on pin 5 helps reduce duty cycle variations 
with sweep. 


The linearity of input sweep voltage versus output frequency 
can be significantly improved by using an op amp as shown 
in Figure 9. 


0 +10V 


DUTY CYCLE 


FREQ. ICL8038 


20K s TION 


GURE 8. VARIABLE AUDIO OSCILLATOR, 20Hz TO 20kHzY 
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FILTER 
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TRIANGLE 
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SINE WAVE 
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SINE WAVE 
ADJ. 


J SINE WAVE 
ADJ. 


TIMING 
CAP. 


o V-/GND 


FIGURE 9. WAVEFORM GENERATOR USED AS STABLE VCO IN A PHASE-LOCKED LOOP 


HIGH FREQUENCY 
SYMMETRY 


1N753A 
(6.2V) 


1kQ 
1,000pF 
+15V 
1kQ 
8 
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oo 
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ICL8038 
FUNCTION GENERATOR 


100kQ 
LOW FREQUENCY 
SYMMETRY 


SINE WAVE 
OUTPUT 


Sig 


SINE WAVE 
DISTORTION 


oO -15V 


FIGURE 10. LINEAR VOLTAGE CONTROLLED OSCILLATOR 


Use in Phase Locked Loops 


Its high frequency stability makes the ICL8038 an ideal 
building block for a phase locked loop as shown in Figure 10. 
In this application the remaining functional blocks, the phase 
detector and the amplifier, can be formed by a number of 
available ICs (e.g., MC4344, NE562, HA2800, HA2820). 


In order to match these building blocks to each other, two 
steps must be taken. First, two different supply voltages are 
used and the square wave output is returned to the supply of 
the phase detector. This assures that the VCO input voltage 
will not exceed the capabilities of the phase detector. If a 
smaller VCO signal is required, a simple resistive voltage 
divider is connected between pin 9 of the waveform genera- 
tor and the VCO input of the phase detector. 


Second, the DC output level of the amplifier must be made 
compatible to the DC level required at the FM input of the 
waveform generator (pin 8, 0.8V+). The simplest solution here 
is to provide a voltage divider to V+ (Ry, Ro as shown) if the 
amplifier has a lower output level, or to ground if its level is 
higher. The divider can be made part of the low-pass filter. 


This application not only provides for a free-running fre- 
quency with very low temperature drift, but is also has the 
unique feature of producing a large reconstituted sinewave 
signal with a frequency identical to that at the input. 


For further information, see Harris Application Note ANO13, 
“Everything You Always Wanted to Know About the 
ICL8038”. 
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Definition of Terms 


Supply Voltage (Vsupp_y). The total supply voltage from 
V+ to V-. 


Supply Current. The supply current required from the 
power supply to operate the device, excluding load currents 
and the currents through Ra and Rep. 


Frequency Range. The frequency range at the square wave 
output through which circuit operation is guaranteed. 

Sweep FM Range. The ratio of maximum frequency to mini- 
mum frequency which can be obtained by applying a sweep 
voltage to pin 8. For correct operation, the sweep voltage 
should be within the range: 


(*/3 VsuppLy + 2V) < Vgweep < VsuPPLy 

FM Linearity. The percentage deviation from the best fit 
straight line on the control voltage versus output frequency 
curve. 


Typical Performance Curves 


20 


SUPPLY CURRENT (mA) 
rr 


SUPPLY VOLTAGE (V) 


FIGURE 11. SUPPLY CURRENT vs SUPPLY VOLTAGE 


1.03 


NORMALIZED FREQUENCY 
S 
o 


TEMPERATURE (°C) 


FIGURE 13. FREQUENCY vs TEMPERATURE 


Output Amplitude. The peak-to-peak signal amplitude 
appearing at the outputs. 


Saturation Voltage. The output voltage at the collector of 
Qo3 when this transistor is turned on. It is measured for a 
sink current of 2mA. 


Rise and Fall Times. The time required for the square wave 
output to change from 10% to 90%, or 90% to 10%, of its 
final value. 


Triangle Waveform Linearity. The percentage deviation 
from the best fit straight line on the rising and falling triangle 
waveform. 


Total Harmonic Distortion. The total harmonic distortion at 
the sine wave output. 


NORMALIZED FREQUENCY 


5 10 15 20 25 30 
SUPPLY VOLTAGE (V) 


FIGURE 12. FREQUENCY vs SUPPLY VOLTAGE 


TIME (ns) 


LOAD RESISTANCE (kQ) 


FIGURE 14. SQUARE WAVE OUTPUT RISE/FALL TIME vs 
LOAD RESISTANCE 
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Typical Performance Curves (continued) 


SATURATION VOLTAGE 


LOAD CURRENT (mA) 


FIGURE 15. SQUARE WAVE SATURATION VOLTAGE vs LOAD 
CURRENT 


NORMALIZED OUTPUT VOLTAGE 


FREQUENCY (Hz) 


FIGURE 17. TRIANGLE WAVE OUTPUT VOLTAGE vs 
FREQUENCY 
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NORMALIZED OUTPUT VOLTAGE 


10 100 1K 10K 100K 1M 
FREQUENCY (Hz) 


FIGURE 19. SINE WAVE OUTPUT VOLTAGE vs FREQUENCY 


CCP N 


Hhokabatat Q | 
LOAD CURRENT TO V+ AN 


0 2 4 6 8 10 12 14 16 #18 20 
LOAD CURRENT (mA) 


NORMALIZED PEAK OUTPUT VOLTAGE 


FIGURE 16. TRIANGLE WAVE OUTPUT VOLTAGE vs LOAD 
CURRENT 


LINEARITY (%) 


10 100 1K 10K 
FREQUENCY (Hz) 


100K 1M 


FIGURE 18. TRIANGLE WAVE LINEARITY vs FREQUENCY 


DISTORTION (%) 


0 
10 100 1K 10K 
FREQUENCY (Hz) 


100K 1M 


FIGURE 20. SINE WAVE DISTORTION vs FREQUENCY 
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Features Description 


e Replaces the 2242 in Most Applications The ICM7242 is a CMOS timer/counter circuit consisting of 
an RC oscillator followed by an 8-bit binary counter. It will 
replace the 2242 in most applications, with a significant 
e Cascadable reduction in the number of external components. 


e Timing From Microseconds to Days 


e Monostabie or Astable Operation Three outputs are provided. They are the oscillator output, 
: and buffered outputs from the first and eighth counters. 
e Wide Supply Voltage Range 2V to 16V ; 


¢ Low Supply Current 115A at 5V 


; ; Pinout 
Ordering Information 
ICM7242 


PART NUMBER TEMP. piers ar 
(BRAND) RANGE (°C) 
42IPA -25to85 |8LdPDIP 
ICM7242 Yoo [7 S118 v0 
ICM7242CBA 0to70 |8LdSOIC M8.15 ee - 
(7242CBA) 
+128/256 OUT 3] G TRIGGER 


Vss 4) S| RESET 


Functional Diagram 


Q 


Q Q Q 
CL CL CL CL 
LP Ler Ler 
S S S S 


CIRCUITS 


Q 


Q Q 
CL CL CL 
Q 4 Q ¥ Q 
S S S 


SPECIAL ANALOG 


VAY, 
Gl ee Cl ee Ee ED 


RESET TRIGGER +2 OUT +128/256 
OUTPUT 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. File Number 2866.2 
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Absolute Maximum Ratings Thermal Information 
Supply Voltage (Vpp to Vag)... 0.66 cs cccasanescnsuwnss 18V__ Thermal Resistance (Typical, Note 2) 8 ya (CCW) 
Input Voltage (Note 1) SDIP Pachagd ...:cscisanescvesenxvessrewrs 100 
Terminals (Pins 5, 6, 7, 8).........- (Vgg -0.3V) to (Vpp +0.3V) BONG) PAGKIUE: io nck evens neeeevardidwetenss 160 
Continuous Output Current (Each Output)..............-. 50mA Maximum Storage Temperature Range ......... -65°C to 150°C 
Maximum Junction Temperature (Plastic Package) ........ 150°C 
Operating Conditions Maximum Lead Temperature (Soldering 10s)............. 300°C 


Temperature Range (SOIC - Lead Tips Only) 


ICMTD4 occ ci asdwaicausauveaasantsanes -25°C to 85°C 
WOMFPADG. 0c cncwkwauvenédvaneuniineveneewss 0°C to 70°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Due to the SCR structure inherent in the CMOS process, connecting any terminal to voltages greater than Vpp or less than Vgs may cause 
destructive device latchup. For this reason, it is recommended that no inputs from external sources not operating on the same supply be 
applied to the device before its supply is established and, that in multiple supply systems, the supply to the |CM7242 be turned on first. 


2. 8a is Measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications = Vpp = 5V, Ta = 25°C, R = 10kQ, C = 0.111F, Vgg = OV, Unless Otherwise Specified 


[_paraneren | syweoi | _testconomions | wn | Te | wax [unis 

varaneoa Sun voree | Yoo | ————SSS—ir Td 

Cperaing Raion cmon |__| oo | 000 | 1A 

eo e00 [nA 

2 Des | [o 
a 


> 


TB Inhibited, RC Connected to Vss 


° 


o~ 


alll] f<|] el 


Timing Accuracy Ld 


RC Oscillator Frequency Temperature Af/At Independent of RC Components =| 


VotB | !sourRcE = 100nA a 
fsnc= Oma 


ppm/°Cc 


Time Base Output Voltage 


Time Base Output Leakage Current 


Trigger Input Voltage 


0.40 


m 


Reset Input Voltage 


Max Count Toggle Rate ft Vpp = 2V 
Vpp = 5V Counter/Divider Mode 
Vpp = 15V 
50% Duty Cycle Input with Peak to Peak 
Voltages Equal to Vpp and Vss 


Output Saturation Voltage VsaT All Outputs Except TB Output Vpp = 5V, 
louT = 3.2mA 


Output Sourcing Current Vpp = 5V Terminals 2 and 3, Voyt = 1V 


Mm 
MH 


MH 


N 


MHz 


> 


m 
p 


nh 


. i) . . 
ro) 


Timing Resistor Range (Note 3) Vpp =2- 16V 


NOTE: 
3. For design only, not tested. 


25 
2.0 
4.5 
4.0 
0.4 
2M 


2 


220 
225 
5 
250 
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Test Circuit 
Vop ¢ 
+21 (RC/2) OUTPUT 
+28 (RC/256) OUTPUT 
— “ 
NOTE: 


4. +2! and +28 outputs are inverters and have active pullups. 


Application Information 


Operating Considerations 


Shorting the RC terminal or output terminals to Vpp may 
exceed dissipation ratings and/or maximum DC current limits 
(especially at high supply voltages). 


There is a limitation of 50pF maximum loading on the TB I/O 
terminal if the timebase is being used to drive the counter 
section. If higher value loading is used, the counter sections 
may miscount. 


For greatest accuracy, use timing component values shown 
in Figure 8. For highest frequency operation it will be desir- 
able to use very low values for the capacitor; accuracy will 
decrease for oscillator frequencies in excess of 200kHz. 


The timing capacitor should be connected between the RC 
pin and the positive supply rail, Vpp, as shown in Figure 1. 
When system power is turned off, any charge remaining on 
the capacitor will be discharged to ground through a large 
internal diode between the RC node and Vsg. Do NOT refer- 
ence the timing capacitor to ground, since there is no high 
current path in this direction to safely discharge the capacitor 
when power is turned off. The discharge current from such a 
configuration could potentially damage the device. 


When driving the counter section from an external clock, the 
optimum drive waveform is a square wave with an amplitude 
equal to the supply voltage. If the clock is a very slow ramp 
triangular, sine wave, etc., it will be necessary to “square up” 
the waveform; this can be done by using two CMOS invert- 
ers in series, operating from the same supply voltage as the 
ICM7242. 


The ICM7242 is a non-programmable timer whose principal 
applications will be very low frequency oscillators and long 
range timers; it makes a much better low frequency oscilla- 
tor/timer than a 555 or ICM7555, because of the on-chip 
8-bit counter. Also, devices can be cascaded to produce 
extremely low frequency signals. 


Because outputs will not be ANDed, output inverters are 
used instead of open drain N-Channel transistors, and the 
external resistors used for the 2242 will not be required for 
the ICM7242. The ICM7242 will, however, plug into a socket 
for the 2242 having these resistors. 


© TIME BASE INPUT/OUTPUT 


0 VoD 


» TRIGGER TIME BASE PERIOD = 1.0RC; 


i 1s = 1MQ x 1pF 


The timing diagram for the ICM7242 is shown in Figure 1. 
Assuming that the device is in the RESET mode, which 
occurs on power up or after a positive signal on the RESET 
terminal (if TRIGGER is low), a positive edge on the trigger 
input signal will initiate normal operation. The discharge 
transistor turns on, discharging the timing capacitor C, and 
all the flip-flops in the counter chain change states. Thus, the 
outputs on terminals 2 and 3 change from high to low states. 
After 128 negative timebase edges, the +28 output returns to 
the high state. 


TRIGGER INPUT 
(TERMINAL 6) 


TTRTITTTTTITITYT— TIMEBASE INPUT 
(TERMINAL 8) 
+2 OUTPUT 
ee 
“LIL LL LL = cesar 2 


+ 128/256 OUTPUT 


(TERMINAL 3) (ASTABLE 
OR “FREE RUN” MODE) 


+ 128/256 OUTPUT 
(TERMINAL 3) 
(MONOSTABLE 

OR “ONE SHOT” MODE) 


|<— 128RC —»>|<—-_ 128RC —>| 


|<«— 128RC —>| 
FIGURE 1. TIMING DIAGRAMS OF OUTPUT WAVEFORMS 
FOR THE ICM7242 (COMPARE WITH FIGURE 5) 


— >3/4 (V+) 
— <4 (V4) 


FIGURE 2. USING THE ICM7242 AS A RIPPLE COUNTER 
(DIVIDER) 


8-165 


SPECIAL ANALOG 
CIRCUITS 


ICM7242 


To use the 8-bit counter without the timebase, Terminal 7 
(RC) should be connected to ground and the outputs taken 
from Terminals 2 and 3. 


The ICM7242 may be used for a very low frequency square 
wave reference. For this application the timing components 
are more convenient than those that would be required by a 
555 timer. For very low frequencies, devices may be cas- 


caded (see Figure 3). 
1 
2 
ICM7242 
3) 
4 


ia oy 
b f=RC/216 


LL. 


ICM7242 =f 


FIGURE 3. LOW FREQUENCY REFERENCE (OSCILLATOR) 


For monostable operation the +28 output is connected to the 
RESET terminal. A positive edge on TRIGGER initiates the 
cycle (NOTE: TRIGGER overrides RESET). 


ICM7242 
OUTPUT @ 


TRIGGER 


I | TERMINAL 6 


TB OUTPUT } I l ' I I 7 i l TERMINAL 8 
i i TERMINAL 3 


FIGURE 4. MONOSTABLE OPERATION 


OUTPUT 


The ICM7242 is superior in all respects to the 2242 except 
for initial accuracy and oscillator stability. This is primarily 
due to the fact that high value p- resistors have been used 
on the |CM7242 to provide the comparator timing points. 


Comparing the ICM7242 With the 2242 


a 
Supply Current, Vpp = 5V 


Pullup Resistors 
TB Output 
+2 Output 


Toggle Rate 
Resistor to Inhibit Oscillator 


Resistor in Series with Reset for Y 
Monostable Operation 

Capacitor TB Terminal for HF Sometimes 
Operation 


By selection of R and C, a wide variety of sequence timing 
can be realized. A typical flow chart for a machine tool con- 
troller could be as shown in Figure 5. 


es 


3.0MHz 0.5MHz 


ICM7242 ICM7242 


TRIGGERING CAN BE 
OBTAINED FROM A 
PREVIOUS STAGE, A 
LIMIT SWITCH, OPER- 
ATOR SWITCH, ETC. 


ENABLE 
58 


ICM7242 


COUNT 
TO 185 


1CM7240 


1CM7242 


t t t t t 


WAIT ENABLE’ WAIT 
58 10s 58 


COUNT ENABLE 
TO 185 58 


FIGURE 5. FLOW CHART FOR MACHINE TOOL CONTROLLER 


By cascading devices, use of low cost CMOS AND/OR gates 
and appropriate RC delays between stages, numerous 
sequential control variations can be obtained. Typical appli- 
cations include injection molding machine controllers, pho- 
nograph record production machines, automatic sequencers 
(no metal contacts or moving parts), milling machine control- 
lers, process timers, automatic lubrication systems, etc. 


Sequence Timing 

¢ Process Control 

¢ Machine Automation 

¢ Electro-Pneumatic Drivers 


¢ Multi Operation (Serial or Parallel Controlling) 
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TRIGGER | 


Yoo 
o—o © 


PUSH S; TO START SEQUENCE: 


aa ~— MUST BE SHORTER THAN “ON TIME,” 


TRIGGER | | 


|-~«—_——— 128Rc —_——>| 


OUTPUT A (NOTE) | | 


RBC ee 


OUTPUT B (NOTE) 


<< 128RC > 


OUTPUT C (NOTE) 


—— 128RC | 


OUTPUT D (NOTE) 


ON TIME 
ee ee ON TIMEp>—> 


NOTE: Select RC values for desired “ON TIME” for each ICM7242. 
FIGURE 6. SEQUENCE TIMER 


SPECIAL ANALOG 
CIRCUITS 
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Typical Performance Curves 


ee A A a ee 
ee as ae Pe EE ee ee 
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; ew! 
0 2 4 6 8 10 12 14 16 
SUPPLY VOLTAGE (V) 
FIGURE 7. SUPPLY CURRENT vs SUPPLY VOLTAGE 
10,000, 
1,000, 
100, 
c 10p 
O 1p 
a 
be 0.1p 
oO 
< 0.01 
< 
© 0.001p 


100p 
10p 10MQ 
> (as ae es ee i, 
0.1 1 10 100 1K 10K 100K 1M 10M 


TIME BASE FREQUENCY (Hz) 


FIGURE 9. TIMEBASE FREE RUNNING FREQUENCY vs R AND C 


RESET PULSE WIDTH (ns) 


0 
0 1 2 3 4 5 6 7 8 9g 410 
RESET AMPLITUDE (V) 


FIGURE 11. MINIMUM RESET PULSE WIDTH vs RESET 
AMPLITUDE 


: 100k ~ AN 
EN \N 


_ 
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N S AY 
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wt || | 


100pF 0.001 0.01 0.1 1 10 100 
TIMING CAPACITOR, C (uF) 


1000 10,000 


FIGURE 8. RECOMMENDED RANGE OF TIMING COMPONENT 
VALUES FOR ACCURATE TIMING 


TRIGGER PULSE WIDTH (ns) 


a er et ee 
0 1 2 3 4 5 6 7 8 9 10 
TRIGGER AMPLITUDE (V) 


FIGURE 10. MINIMUM TRIGGER PULSE WIDTH vs TRIGGER 
AMPLITUDE 


10kQ —0.001nF 


stad a 1MQ  100pF 
sR TAs 
> 


0.1F 
100kQ 0.001,F 


NORMALIZED FREQUENCY DEVIATION (% 
r—) 
° 


SUPPLY VOLTAGE (V) 


FIGURE 12. NORMALIZED FREQUENCY STABILITY IN THE 
ASTABLE MODE vs SUPPLY VOLTAGE 
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Typical Performance Curves (continued) 


NORMALIZED FREQUENCY DEVIATION (%) 


TEMPERATURE (°C) 


FIGURE 13. NORMALIZED FREQUENCY STABILITY IN THE 
ASTABLE MODE vs TEMPERATURE 


100 


10 


DISCHARGE SINK CURRENT (mA) 


DISCHARGE SATURATION VOLTAGE (V) 


FIGURE 15. DISCHARGE OUTPUT CURRENT vs DISCHARGE 
OUTPUT VOLTAGE 


10M 


RC CONNECTED 
TO GROUND 


1M 


100K 


MAXIMUM DIVIDER FREQUENCY (Hz) 


0 2 6 6 8 10 12 14 16 18 20 
SUPPLY VOLTAGE (V) 


FIGURE 14. MAXIMUM DIVIDER FREQUENCY vs SUPPLY 
VOLTAGE 


100 


10 


OUTPUT SATURATION CURRENT (mA) 


OUTPUT SATURATION VOLTAGE (V) 5 

O 
FIGURE 16. OUTPUT SATURATION CURRENT vs OUTPUT os “ 
SATURATION VOLTAGE = 
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Features 
e Exact Equivalent in Most Cases for SE/NE555/556 or 
TLC555/556 
Low Supply Current 
- ICM7555 
- ICM7556 
Extremely Low Input Currents 
High Speed Operation 
Guaranteed Supply Voltage Range 
Temperature Stability 


Normal Reset Function - No Crowbarring of Supply 
During Output Transition 


Can be Used with Higher Impedance Timing Elements 
than Regular 555/6 for Longer RC Time Constants 


Timing from Microseconds through Hours 

Operates in Both Astable and Monostable Modes 
Adjustable Duty Cycle 

High Output Source/Sink Driver can Drive TTL/CMOS 
Outputs have Very Low Offsets, HI and LO 


Applications 
Precision Timing 
Pulse Generation 
Sequential Timing 
Time Delay Generation 
Pulse Width Modulation 
Pulse Position Modulation 
Missing Pulse Detector 


Pinouts 


ICM7555 (PDIP, SOIC) 
TOP VIEW 


Vpp AND CASE 


18 1 Vpp 
DISCHARGE 


[6 | THRESHOLD 


By CONTROL 
VOLTAGE 


ICM7555 (METAL CAN) 
TOP VIEW 


ICM7555, ICM7556 


General Purpose Timers 


Description 


The ICM7555 and ICM7556 are CMOS RC timers providing 
significantly improved performance over the standard SE/NE555/6 
and 355 timers, while at the same time being direct replacements for 
those devices in most applications. Improved parameters include low 
supply current, wide operating supply voltage range, low 
THRESHOLD, TRIGGER and RESET currents, no crowbarring of 
the supply current during output transitions, higher frequency 
performance and no requirement to decouple CONTROL VOLTAGE 
for stable operation. 


Specifically, the |CM7555 and ICM7556 are stable controllers capa- 
ble of producing accurate time delays or frequencies. The ICM7556 
is a dual ICM7555, with the two timers operating independently of 
each other, sharing only V+ and GND. In the one shot mode, the 
pulse width of each circuit is precisely controlled by one external 
resistor and capacitor. For astable operation as an oscillator, the 
free running frequency and the duty cycle are both accurately con- 
trolled by two external resistors and one capacitor. Unlike the regu- 
lar bipolar 555/6 devices, the CONTROL VOLTAGE terminal need 
not be decoupled with a capacitor. The circuits are triggered and 
reset on falling (negative) waveforms, and the output inverter can 
source or sink currents large enough to drive TTL loads, or provide 
minimal offsets to drive CMOS loads. 


Ordering Information 

PART NUMBER TEMP. 

(BRAND) RANGE (°C) 

ICM7555CBA 0to70 |8LdSOIC M18.5 
(7555CBA) 
ICM7555|BA 8 Ld SOIC M18.5 
(75551BA) 
ICM7555|PA | -25to85 |8Ld PDIP 
ICM7555 ITV | -25to85 | 8 Pin Metal Can 
ICM7555MTV (Note) | -55to125 | 8 Pin Metal Can 


ICM7556IPD | -25to85 | 14 Ld PDIP E14.3 
ICM7556MJD (Note) -55to125 |14Ld CERDIP | F14.3 


NOTE: Add /883B to part number if 883B processing is desired. 


ICM7556 (PDIP, CERDIP) 
TOP VIEW 


DISCHARGE | 1] 
3] DISCHARGE 


CAUTION: These devices are sensitive to electrostatic discharge. Users should follow proper IC Handling Procedures. 
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File Number 


Absolute Maximum Ratings 


SUPP VONEGS .ccccvecueseacadtwnsaeesaws 


Input Voltage 
Trigger, Control Voltage, Threshold, 
WIOSOLUNGIG Th. encdecadovcertasters: 


DUE MITONE tc cn ana ce wack vhs aw inxe wows’ 


Operating Conditions 


Temperature Range 


Pil NIGh orice ede usewesaausaans eens 
IM FG5S1, IGMYSSOL. ees ewes cess eweiens 
ICM 7S55M, ICM/7S56M. «5.5 nvsnvexcewees 


Tere ee eee +18V Thermal Resistance (Typical, Note 2) 


ICM7555, ICM7556 


Thermal Information 


CERDIP Package ................ 


Metal Can Package............... 165 

V+ +0.3V to GND -0.3V 14 Lead PDIP Package............ 115 
ehese vey 100mA 8 Lead PDIP Package............. 110 
SONG PACKAGE occ ccs ei aecenens’s 170 

Maximum Junction Temperature (Hermetic Package) 

Maximum Junction Temperature (Plastic Package) 

0°C to 70°C Maximum Storage Temperature Range {etatenas 

95°C to 85°C Maximum Lead Temperature (Soldering 10s)..... 


SOIC - Lead Tips Onl 
55°C to 125°C ~—sS ca alin 


Oya (CCW) By (PCCW) 
80 


24 
80 


ides ean 150°C 


ie @ wae 300°C 


CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation 
of the device at these or any other conditions above those indicated in the operational sections of this specification is not implied. 


NOTES: 


1. Due to the SCR structure inherent in the CMOS process used to fabricate these devices, connecting any terminal to a voltage greater 
than V+ +0.3V or less than V- -0.3V may cause destructive latchup. For this reason it is recommended that no inputs from external sourc- 
es not operating from the same power supply be applied to the device before its power supply is established. In multiple supply systems, 
the supply of the 1CM7555/6 must be turned on first. 

2. 8ja is Measured with the component mounted on an evaluation PC board in free air. 


Electrical Specifications Applies to |CM7555 and ICM7556, Unless Otherwise Specified 


PARAMETER SYMBOL 


Static Supply Current 


Monostable Timing Accuracy 


Drift with Temperature 
(Note 3) 


Drift with Supply (Note 3) 


Astable Timing Accuracy 


Drift with Temperature 
(Note 3) 


M7555 | Vpp = 5V 


IC 
Vpp = 15V 


(NOTE 4) 
-55°C TO 125°C 


TEST CONDITIONS 
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Electrical Specifications Applies to |CM7555 and ICM7556, Unless Otherwise Specified 


(NOTE 4) 
Ta = 25°C -55°C TO 125°C 
PARAMETER SYMBOL TEST CONDITIONS | MIN | TYP | MAX | MIN | TYP | MAX | UNITS 


Dectareease | os Poowm™ «st -+t ty. |=] 
5 Ed Bd 
ae ca 
[ee | 

Vpp 
tr 


oO 
ine) 


—_ 
ie) 
—_ 


- 
ow 


Discharge Output Voltage 2 


Vpp = 5V, IsourcE = 0.8mA : 
Vois_ | Vpp = SV, Isink = 15mA | | 
= 
16. 


[we 
Vpp = 15V, Isink = 15mA oz 
( po fp 
pot -f- ff 
ty yt 


_ 
oO 
oO 


NIT ON 


2) 


Output Rise Time (Note 3) Pot | R= 10M, C, = 10pF, Vpp = 5V 
Output Fall Time (Note 3) Pte Rie 


Oscillator Frequency fuax | Vpp = 5V, Ra = 470Q, Rp = 270Q, 
(Note 3) C = 200pF 


NOTES: 
3. These parameters are based upon characterization data and are not tested. 


4. Applies only to military temperature range product (M suffix). 
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Functional Diagram 


FLIP-FLOP 
’ RESET 


OUTPUT 
DRIVERS 


CONTROL 
VOLTAGE 
7 9 DISCHARGE 


n 


TRIGGER 
20 


COMPARATOR 
B 
0 1 
GND 
NOTE: This functional diagram reduces the circuitry down to its simplest equivalent components. Tie down unused inputs. R = 100kQ, +20% (Typ) 


TRUTH TABLE 


a 
2 


NOTE: RESET will dominate all other inputs: TRIGGER will dominate over THRESHOLD. 
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Schematic Diagram 


THRESHOLD 


| 


CONTROL 
VOLTAGE 


R = 100kQ +20% (TYP) 


Application Information 


General 


The ICM7555/6 devices are, in most instances, direct 
replacements for the NE/SE 555/6 devices. However, it is 
possible to effect economies in the external component 
count using the ICM7555/6. Because the bipolar 555/6 
devices produce large crowbar currents in the output driver, 
it is necessary to decouple the power supply lines with a 
good capacitor close to the device. The 7555/6 devices pro- 
duce no such transients. See Figure 1. 


The ICM7555/6 produces supply current spikes of only 
2mA - 3mA instead of 300mA - 400mA and supply decou- 
pling is normally not necessary. Also, in most instances, the 
CONTROL VOLTAGE decoupling capacitors are not 
required since the input impedance of the CMOS compara- 
tors on chip are very high. Thus, for many applications 2 
capacitors can be saved using an ICM7555, and 3 capaci- 
tors with an ICM7556. 


Vpp 


OUTPUT 


9 DISCHARGE aia 


SUPPLY CURRENT (mA) 


0 200 600 80 


400 0 
TIME (ns) 


FIGURE 1. SUPPLY CURRENT TRANSIENT COMPARED WITH 
A STANDARD BIPOLAR 555 DURING AN OUTPUT 
TRANSITION 
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Power Supply Considerations 


Although the supply current consumed by the 1CM7555/6 
devices is very low, the total system supply current can be 
high unless the timing components are high impedance. 
Therefore, use high values for R and low values for C in Fig- 
ures 2 and 3. 


Output Drive Capability 


The output driver consists of a CMOS inverter capable of 
driving most logic families including CMOS and TTL. As 
such, if driving CMOS, the output swing at all supply volt- 
ages will equal the supply voltage. At a supply voltage of 
4.5V or more the ICM7555/6 will drive at least 2 standard 
TTL loads. 


Astable Operation 


The circuit can be connected to trigger itself and free run as 
a multivibrator, see Figure 2A. The output swings from rail to 
rail, and is a true 50% duty cycle square wave. (Trip points 
and output swings are symmetrical). Less than a 1% fre- 
quency variation is observed, over a voltage range of +5V to 
+15V. 


Peete 
~ T4RC 


The timer can also be connected as shown in Figure 2B. In 
this circuit, the frequency is: 


The duty cycle is controlled by the values of Ra and Rp, by 
the equation: 


VOLTAGE 


¢ -L OPTIONAL 
TL” TL CAPACITOR 


FIGURE 2A. ASTABLE OPERATION 


Cc OPTIONAL 
"T CAPACITOR 


FIGURE 2B. ALTERNATE ASTABLE CONFIGURATION 


Monostable Operation 


In this mode of operation, the timer functions as a one-shot, 
see Figure 3. Initially the external capacitor (C) is held dis- 
charged by a transistor inside the timer. Upon application of 
a negative TRIGGER pulse to pin 2, the internal flip-flop is 
set which releases the short circuit across the external 
capacitor and drives the OUTPUT high. The voltage across 
the capacitor now increases exponentially with a time con- 
stant t= RaC. When the voltage across the capacitor equals 
2/3 V+, the comparator resets the flip-flop, which in turn dis- 
charges the capacitor rapidly and also drives the OUTPUT 
to its low state. TRIGGER must return to a high state before 
the OUTPUT can return to a low state. 


1 
toutpuT = -In (°/3) RaC = 1.1RaC 
Vpp 


Ra 


ICM7555 THRESHOLD 

f] OUTPUT 6 | 
CONTROL 
eS RESET 5 | VOLTAGE 


OPTIONAL 


C 
name? L 


Vpp <18V 


FIGURE 3. MONOSTABLE OPERATION 


Control Voltage 


The CONTROL VOLTAGE terminal permits the two trip 
voltages for the THRESHOLD and TRIGGER internal 
comparators to be controlled. This provides the possibility of 
oscillation frequency modulation in the astable mode or even 
inhibition of oscillation, depending on the applied voltage. In 
the monostable mode, delay times can be changed by 
varying the applied voltage to the CONTROL VOLTAGE pin. 


RESET 


The RESET terminal is designed to have essentially the same 
trip voltage as the standard bipolar 555/6, i.e., 0.6V to 0.7V. At 
all supply voltages it represents an extremely high input 
impedance. The mode of operation of the RESET function is, 
however, much improved over the standard bipolar 555/6 in 
that it controls only the internal flip-flop, which in turn controls 
simultaneously the state of the OUTPUT and DISCHARGE 
pins. This avoids the multiple threshold problems sometimes 
encountered with slow falling edges in the bipolar devices. 
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ICM7555, ICM7556 
Typical Performance Curves 
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ICM7555, ICM7556 


Typical Performance Curves (continued) 


ptarare tT TT TT 
IN 
tite PUNT x 


SA Ra = Rpg = 10MQ 
C= —— 


| | evoree STH 
LES 


NORMALIZED FREQUENCY DEVIATION (%) 
° 


0.1 10.0 100.0 
ae VOLTAGE (V) 
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FIGURE 14. FREE RUNNING FREQUENCY vs Ra, Rg AND C 
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FIGURE 15. TIME DELAY IN THE MONOSTABLE MODE vs 
Ra AND C 


8-176 


INEAI 


HARRIS QUALITY AND RELIABILITY 


PAGE 
OES, . ee ee eee eee ee ere eer eee ee ree eT eee Te eee eee ee eee 9-3 
Go | es ee ee eee ee ee ee ee ee ee ee ee eT eee 9-3 
THe Rigle ot ine Quaity OMSWIERUON acces onde d ered scuxt case ber cdrd enced in edas cewamendeewemak as Terr 9-3 
Tie Ore PIGCOES ccc Fic hades ohn d echoes iu ehes COtat dtd HOS Ue Ade da eeod waded iaebud teehee oH 9-3 
fo) 00D COPUNCANON so cena 0c hee ee whe 60S 8S bSE Ed OEE as hE Wee DORs Cen SO CANS ek ORK o OH ee ODODE 9-3 
CAUAUTIOR MARLUTACUIING LISUIOML). «0000 ceedbi robes pad oe baw a Khoo GS REET REESE OES eee eT See e eK b Ee RUE ds 9-3 
Moe gg lic) ee ee ee ee ee er ee ee ee 9-3 
OCG) THANG fas 656 50484 0266 0A 8K 844 CERCA REET HS EE 1D UHR TEL EHD 1 FETE OED EKTE RD EOEH RGR EHR PHOS CREE 9-5 
Harris Semiconductor Standard Processing FIOW ....... 26sec cc ceca c cee eee wees eee eee ee eset besa eeeeueees 9-6 
Controlling and Improving the Manufacturing Process - SPC/DOX. ....... 0... eee ee eee 9-8 
Paras ONG CU (AG ovcsociccaeqewsms ota senndonsud deeb ede ides Sepeuwes dbsanesen Ave mewes 9-9 
ce ee ee Pee ee ee eee er eee ee eT errr rr se ee ee 9-9 
eu ee Gi cl es ee eee ee er ee ere eT ee ee ee eee 9-9 
Se eg Cc: eo ee es err se eee Peet eT er ee eee eee 9-11 
Manufacturing Seienee ~ CAM, JIT, TPM cucceecscccc ccna cstas betas acess cane eR eek en ekes Re aes ee Kew 9-11 
Py ce ee re ee er Se ee ee 9-12 =| > 
CIE én ph dk ohne ed ae aah eeiws cankebosenddeuncen beg Eker dake Hab eevee cee nnedetanadeanesacens 9-12 = 
gill @ et: ee ee ee ee re. ee ee ee ee ee ee 9-12 = < 
Desion for Roliability (Wear-Out Characterizalion) .. 2. cccssrcccreen een aa roe WSR Ree eae SERS ER Rete eee 9-13 = my 
PROtess PIOCUCH PACKOUe GUBITIERNONG 60h cecedocded ec ceecdavudcnees eye de eeeee nes eheE KR HRS EK RE ES 9-13 “ 
Produst/Package Fisliability MONON: .....0ccccccecr reese cease seer en ee SNe NE HONEST ODEO RONEN OR ORS OE 9-13 
CA INeh FU SOIVIGGS 5 cog cee new ve nde 6h Kea eee dD RAEN EH eRE ER EEE EDONEY HO dE eee endo oe eeESS 9-15 
PrOduiCt ANGIVSIG LAD. oo. cc ccs ceed a conse Fewer sete he RENE HEHE ERR KAO Rw REE DERN EE Ree ee 9-19 
POIUCal Services LEDS ona s dense ninyees andar diwews Shebies Reed de sR Eee See areee se erases eece ns 9-20 
Reliability Fundamentals and Calculation of Failure Rate... 0.05 .ccc ceca ens e rnc enseeee tweens enetanetaees 9-21 
Pantie Fee (SAO. 6 ancc crn ce eeidd ted eee een eS eed eee He Nae Oe oe Tie ea eee ese eesnneteebrenas 9-21 
Pe Ce gs ee, i oe ee en ee eee eee ee ee ere eee er 9-22 
lec (hal): ee ee ee eT er err err Tree er eee ee eee 9-22 
Tech Brief 52 Electrostatic Discharge Control: A Guide To Handling Integrated Circuits .................. 9-23 


9-1 


Harris Quality 


Introduction 


Success in the integrated circuit industry means more than 
simply meeting or exceeding the demands of today’s market. 
It also includes anticipating and accepting the challenges of 
the future. It results from a process of continuing improvement 
and evolution, with perfection as the constant goal. 


Harris Semiconductor's commitment to supply only top value 
integrated circuits has made quality improvement a mandate 
for every person in our work force — from circuit designer to 
manufacturing operator, from hourly employee to corporate 
executive. Price is no longer the only determinant in 
marketplace competition. Quality, reliability, and performance 
enjoy significantly increased importance as measures of value 
in integrated circuits. 


Quality in integrated circuits cannot be added or considered 
after the fact. It begins with the development of capable 
process technology and product design. It continues in 
manufacturing, through effective controls at each process or 
step. It culminates in the delivery of products which meet or 
exceed the expectations of the customer. 


The Role of the Quality Organization 


The emphasis on building quality into the design and 
manufacturing processes of a product has resulted in a 
significant refocus of the role of the Quality organization. In 
addition to facilitating the development of SPC and DOX, 
Quality professionals support other continuous improvement 
tools such as control charts, measurement of equipment 
capability, standardization of inspection equipment and 
processes, procedures for chemical controls, analysis of 
inspection data and feedback to the manufacturing areas, 
coordination of efforts for process and product improvement, 
optimization of environmental or raw materials quality, and the 
development of quality improvement programs with vendors. 


At critical manufacturing operations, process and product 
quality is analyzed through random statistical sampling and 
product monitors. The Quality organization’s role is changing 
from policing quality to leadership and coordination of quality 
programs or procedures through auditing, sampling, 
consulting, and managing Quality Improvement projects. 


To support specific market requirements, or to ensure 
conformance to military or customer specifications, the 
Quality organization still performs many of the conventional 
quality functions (e.g., group testing for military products or 
wafer lot acceptance). But, true to the philosophy that quality 
is everyone’s job, much of the traditional on-line measurement 
and control of quality characteristics is where it belongs — with 
the people who make the product. The Quality organization is 
there to provide leadership and assistance in the deployment 
of quality techniques, and to monitor progress. 


The Improvement Process 


| 


STAGE IV 


PRODUCT 
OPTIMIZATION 


IMPACT ON 
PRODUCT STAGE Ill 
QUALITY 


PROCESS 
OPTIMIZATION 


STAGE II 


PROCESS 
CONTROL 


STAGE | 


PRODUCT 
SCREENING 


SOPHISTICATION OF QUALITY TECHNOLOGY 


FIGURE 1. STAGES OF STATISTICAL QUALITY TECHNOLOGY 


Harris Semiconductors quality methodology is evolving through 
the stages shown in Figure 1. In 1981 we embarked on a 
program to move beyond Stage |, and we are currently in the 
transition from Stage III to Stage IV, as more and more of our 
people become involved in quality activities. The traditional 
“quality” tasks of screening, inspection, and testing are being 
replaced by more effective and efficient methods, putting new 
tools into the hands of all employees. Table 1 illustrates how our 
quality systems are changing to meet today’s needs. 


ISO 9000 Certification 


The manufacturing operations of Harris Semiconductor have 
all received ISO certification. The ISO 9000 series of 
standards were very consistent with our goals to build an even 
stronger quality system foundation. 


Qualified Manufacturing List (QML) 


Harris Semiconductor has supplied military grade integrated 
circuits for over 20 years. The government's certifying body had 
audited and granted approval to ship JAN, 883 compliant, and 
Source Military Drawing parts used in ground and space 
applications. The discipline required to manufacture high 
reliability components has been beneficial to the commercial 
product lines. Harris has now taken the next evolutionary step 
by transitioning into QML as defined in MIL-PRF-38535. These 
guidelines incorporate the best commercial practices for 
semiconductor manufacturing. 


Designing for Manufacturability 


Assuring quality and reliability in integrated circuits begins with 
good product and process design. This has always been a 
strength in Harris Semiconductors quality approach. We have a 
very long lineage of high reliability, high performance products 
that have resulted from our commitment to design excellence. All 
Harris products are designed to meet the stringent quality and 
reliability requirements of the most demanding end equipment 
applications, from military and space to industrial and 
telecommunications. The application of new tools and methods 
has allowed us to continuously upgrade the design process. 


QUALITY AND 


RELIABILITY 


Harris Quality 


TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY FUNCTIONS 


FUNCTION MANUFACTURING QA/QC MONITOR 
CONTROLS AUDIT 
X 


e Internal Audits 


Wafer Fab 


Environmental 
- Room/Hood Particulates 
- Temperature/Humidity 
- Water Quality 
e Product 

- Junction Depth 

- Sheet Resistivities 

- Defect Density 

- Critical Dimensions 

- Visual Inspection 

- Lot Acceptance 
Process 
- Film Thickness 
- Implant Dosages 
- Capacitance Voltage Changes 

- Conformance to Specification 
¢ Equipment 

- Repeatability 
Profiles 


Calibration 
Preventive Maintenance 


Internal Audits 
Environmental 


Assembly 


- Room/Hood Particulates 

- Temperature/Humidity 

- Water Quality 

Product 

Documentation Check 

- Dice Inspection | 

- Wire Bond Pull Strength/Controls 

- Ball Bond Shear/Controls 

Die Shear Controls 

Post-Bond/Pre-Seal Visual 

Fine/Gross Leak 

PIND Test 
- Lead Finish Visuals, Thickness 
- Solderability 

¢ Process 


x Kx KK RK 
x KK KK KK KK OK 


- Operator Quality Performance 


- Saw Controls 
- Die Attach Temperatures 

- Seal Parameters 

- Seal Temperature Profile 

- Sta-Bake Profile 

- Temp Cycle Chamber Temperature 
- ESD Protection 

- Plating Bath Controls 

Mold Parameters 


x KK KK KK KK RK 
x KKK KKK KK RK 
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TABLE 1. TYPICAL ON-LINE MANUFACTURING/QUALITY FUNCTIONS (Continued) 


Test Internal Audits 
Temperature/Humidity 
ESD Controls 


Temperature Test Calibration 


Test System Calibration 


Test Procedures 

Control Unit Compliance 

Lot Acceptance Conformance 

Group A Lot Acceptance 
Probe Internal Audits 
Wafer Repeat Correlation 
Visual Requirements 
Documentation 
Process Performance 
Internal Audits 


Burn-in 


QCI Inspection 


Functionality Board Check 
Oven Temperature Controls 
Procedural Conformance 
Internal Audits 

ESD Controls 

Brand Permanency 
Temperature/Humidity 
Procedural Conformance 
Internal Audits 


Group B Conformance 


Group C and D Conformance 


Each new design is evaluated throughout the development 
cycle to validate the capability of the new product to meet the 
end market performance, quality, and reliability objectives. 


The validation process has four major components: 


1. Design simulation/optimization 
2. Layout verification 

3. Product demonstration 

4. Reliability assessment 


Harris designers have an extensive set of very powerful 
Computer-Aided Design (CAD) tools to create and optimize 
product designs (see Table 2). 


Special Testing 


Harris Semiconductor offers several standard screen flows 
to support a customer's need for additional testing and reli- 
ability assurance. These flows include environmental stress 
testing, burn-in, and electrical testing at temperatures other 
than 25°C. The flow shown in Figures 2 and 3 indicates the 
Harris standard processing flow for a commercial linear part 


MANUFACTURING 
CONTROLS 


QA/QC MONITOR 
AUDIT 


i 7 BS - _ 
copecobeepecnpecceeal 


in a PDIP package. In addition, Harris can supply products 
tested to customer specifications both for electrical require- 
ments and for nonstandard environmental stress screening. 
Consult your field sales representative for details 


TABLE 2. HARRIS IC DESIGN TOOLS 


PRODUCTS 


DESIGN STEP ANALOG DIGITAL 
Functional Simulation | Cds Spice Cds Spice Verilog 


Parametric Simulation | Cds Spice Monte | Cds Spice 
Carlo 


Schematic Capture Cadence 
Cadence 
Cadence 
Cadence 


QUALITY AND 


Functional Checking 
Rules Checking 


Parasitic Extraction 


RELIABILITY 


Harris Semiconductor Standard Processing Flow 


COMMERCIAL 


VISUAL INSPECTION 


PROBE/DICE MODIFIED 
PREPARATION bette dithecod 
ee CONDITION B 
SHR Tee WITH QC MONITOR 


ASSEMBLY (1) 


mw OPERATION 
% QUALITY MONITOR 


DIE ATTACH 


CONTROL DIE MOUNT 


MOUNT CURE CONTROL 


%& QUALITY DIE ATTACH 
CONTROL (SPC) 


WIRE BOND 


CONTROL WIRE BOND 


" QUALITY WIRE BOND 
CONTROL (SPC) 


POST BOND 


VISUAL POST BOND INSPECTION 


(RTPC) 


YES 


* QUALITY POST BOND 
INSPECTION 


AS APPLICABLE 


MOLDING 
MOLD CONTROL (SPC) 


MOLD CONTROL 


BOTTOM CODE 
POST MOLD CURE 


LEAD FINISH 


CONTROL TRIM/FORM/DERAIL 


SINGULATED SOLDER DIP 


100% VISUAL INSPECTION 
LOAD SHIPPING TUBES 
%& QALOT ACCEPTANCE 


x QA DOCUMENTATION 
INSPECTION 


(1) Example for a PDIP Package Part 


FIGURE 2. 


Harris Semiconductor Standard Processing Flow (continued) 


COMMERCIAL 


TEST (2) 


M@ OPERATION 
%*& QUALITY MONITOR 


AC/DC SINGLE 
INSERTION TEST 
100% ELECTRICAL TEST 


CAPABILITY; 
HIGH/LOW TEMP 


YES 


TOP BRAND 


PRE-BURN-IN ELECTRICAL 
TEST 


POST BURN-IN 
ELECTRICAL TESTS 
APPLY BURN-IN PDA 


QUALITY 
%k QC PRESHIP LOT 
LOT ACCEPTANCE ACCEPTANCE TEST 


YES 
IF APPLICABLE 


IF APPLICABLE 
IF APPLICABLE 


IF APPLICABLE 


PDIP LEAD 


SCANNING 


100% LEAD SCANNING 
PACKING 


—% QC PRESHIP LOT 
ACCEPTABLE 
INSPECTION 


FINAL DATA REVIEW 


QUALITY AND 
RELIABILITY 


(2) Example for a Linear Part in PDIP Package 


FIGURE 3. 
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TABLE 3. PROCESS CONTROL APPLICATIONS 


Thin Film 
Film Thickness 
Uniformity 
Refractive Index 
Film Composition 
Particles Added 


¢ Diffusion 
- Junction Depth 
- Sheet Resistivities 
- Oxide Thickness 
- Implant Dose Calibration 
- Uniformity 


¢ Pre-Seal Post-Seal 
- Die Prep Visuals 
- Yields 
- Die Attach Heater Block 
- Die Shear 
- Wire Pull 
Ball Bond Shear 
- Saw Blade Wear 


Pre-Cap Visuals 


Tin Plate Thickness 
PIND Defect Rate 
Solder Thickness 
Leak Tests 


Seal 
- Temperature Cycle 


Handlers/Test System 
Defect Pareto Charts 


Lot % Defective 


Internal Package Moisture 


e Measurement 
Equipment 

Critical 

Dimension 

Film Thick- 

ness 

- Resistivity 


¢ Photo Resist 
- Critical Dimension 
- Resist Thickness - 
- Etch Rates 
- Energy Monitor (Eo) 


¢ Measurement 
- XRF 
- Radiation Counter 
- Thermocouples 
- GM-Force Measurement 


Module Rm. Solder Pot Temp. 


- Monitor Failures 
- Lead Strengthening Quality 
- After Burn-ln PDA 


ESD Failures per Month 


« 1QC 
- Vendor Performance 
- Material Criteria 
- Quality Levels 


¢ Environment 
- Water Quality 
- Clean Room Control 
- Temperature 
- Humidity 


¢ IQC Measurement/Analysis 
- XRF 
- ADE 
- 4 Point Probe 
- Chemical Analysis Equipment 


Controlling and Improving the Manufacturing Process - SPC/DOX 


Statistical process control (SPC) is the basis for quality control 
and improvement at Harris Semiconductor. Harris manufacturing 
people use control charts to determine the normal variabilities in 
processes, materials, and products. Critical process variables 
and performance characteristics are measured and control limits 
are plotted on the control charts. Appropriate action is taken if the 
charts show that an operation is outside the process control limits 
or indicates a nonrandom pattern inside the limits. These same 
control charts are powerful tools for use in reducing variations in 
processing, materials, and products. Table 3 lists some typical 
manufacturing applications of control charts at Harris 
Semiconductor. 


SPC is important, but still considered only part of the solution. 
Processes which operate in statistical control are not always 
capable of meeting engineering requirements. The 
conventional way of dealing with this in the semiconductor 
industry has been to implement 100% screening or inspection 
steps to remove defects, but these techniques are insufficient 
to meet today’s demands for the highest reliability and perfect 
quality performance. 


Harris still uses screening and inspection to “grade” products 
and to satisfy specific customer requirements for burn-in, mul- 
tiple temperature test insertions, environmental screening, 


and visual inspection as value-added testing options. How- 
ever, inspection and screening are limited in their ability to 
reduce product defects to the levels expected by today’s buy- 
ers. In addition, screening and inspection have an associated 
expense, which raises product cost (see Table 4). 


TABLE 4. APPROACH AND IMPACT OF STATISTICAL QUALITY 
TECHNOLOGY 


Product 
Screening 


e Stress and Test 
Defective Prediction 


Limited Quality 
Costly 
After-The-Fact 


Statistical Process 
Control 
Just-In-Time 
Manufacturing 


Process 
Control 


Identifies Variability 
Reduces Costs 
Real Time 


Process 
Optimization 


Design of Experi- 
ments 
Process Simulation 


Minimizes Variability 
Before-The-Fact 


IV} Product 
Optimization 


Insensitive to Vari- 
ability 

Designed-In Quality 
Optimal Results 


Design for Produc- 
ibility 


Product Simulation 


Harris Quality 


Harris engineers are, instead, using Design of Experiments 
(DOX), a scientifically disciplined mechanism for evaluating and 
implementing improvements in product processes, materials, 
equipment, and facilities. These improvements are aimed at 
upgrading process performance by studying the key variables 
controlling the process, and optimizing the procedures or 
design to yield the best result. This approach is a more time- 
consuming method of achieving quality perfection, but a better 
product results from the efforts, and the basic causes of 
product nonconformance can be eliminated. 


SPC, DOX, and design for manufacturability, coupled with our 
100% test flows, combine in a product assurance program 
that delivers the quality and reliability performance demanded 
for today and for the future. 


Average Outgoing Quality (AOQ) 


Average Outgoing Quality is a yardstick for our success in 
quality manufacturing. The average outgoing electrical 
defective is determined by randomly sampling units from each 
lot and is measured in parts per million (PPM). The current 
procedures and sampling plans outlined in ANSI/ASQC 21.4, 
MIL-STD-883 and MIL-PRF-38535 are used by our quality 
inspectors. 


The focus on this quality parameter has resulted in a 
continuous improvement to less than 100 PPM, and the goal 
is to continue improvement toward 0 PPM. 


Training 


The basis of a successful transition from conventional quality 
programs to more effective, total involvement is training. 
Extensive training of personnel involved in_ product 


manufacturing began in 1984 at Harris, with a comprehensive 
development program in statistical methods. Using the 
resources of Harris statisticians, private consultants, and 
internally developed programs, training of engineers, 
facilitators, and operators/technicians has been an ongoing 
activity in Harris Semiconductor. 


Over the past years, Harris has also deployed a 
comprehensive training program for hourly operators and 
facilitators in job requirements and functional skills. All hourly 
manufacturing employees participate (see Table 5). 


Incoming Materials 


Improving the quality and reducing the variability of critical 
incoming materials is essential to product quality 
enhancement, yield improvement, and cost control. With the 
use of statistical techniques, the influence of silicon, 
chemicals, gases and other materials on manufacturing is 
highly measurable. Current measurements indicate that 
results are best achieved when materials feeding a 
Statistically controlled manufacturing line have also been 
produced by statistically controlled vendor processes. 


To assure optimum quality of all incoming materials, Harris 
has initiated an aggressive program, linking key suppliers with 
our manufacturing lines. This user-supplier network is the 
Harris Vendor Certification process by which strategic 
vendors, who have performance histories of the highest 
quality, participate with Harris in a lined network; the vendor's 
factory acts as if it were a beginning of the Harris production line. 


SPC seminars, development of open working relationships, 
understanding of Harris’s manufacturing needs and vendor 
capabilities, and continual improvement programs are all 


TABLE 5. SUMMARY OF TRAINING PROGRAMS 


SPC, Basic Manufacturing Operators, 
Non-Manufacturing 


Personnel 


SPC, Intermediate 


Manufacturing Supervisors, 
Technicians 


Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, 
Problem Analysis Tools, Graphing Techniques, Control Charts 


Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, 
Problem Analysis Tools, Graphing Techniques, Control Charts, Distributions, 


Measurement Process Evaluation, Introduction to Capability 


Manufacturing Engineers, 
Manufacturing Managers 


SPC, Advanced 


Design of Experiments 
(DOX) 


Engineers, Managers 


Harris Philosophy of SPC, Statistical Definitions, Statistical Calculations, 
Problem Analysis Tools, Graphing Techniques, Control Charts, Distributions, 
Measurement Process Evaluation, Advanced Control Charts, Variance Com- 
ponent Analysis, Capability Analysis 


Factorial and Fractional Designs, Blocking Designs, Nested Models, Analysis 
of Variance, Normal Probability Plots, Statistical Intervals, Variance Compo- 


nent Analysis, Multiple Comparison Procedures, Hypothesis Testing, Model 
Assumptions/Diagnostics 


Regression Engineers, Managers 


Response Surface 
Methods (RSM) 


Capability Studies Techs, Faciitators, 


Engineers 


Simple Linear Regression, Multiple Regression, Coefficient Interval Estima- 
tion, Diagnostic Tools, Variable Selection Techniques 


Engineers, Managers Steepest Ascent Methods, Second Order Models, Central Composite 
Designs, Contour Plots, Box-Behnken Designs 


Capability Indices (Cp and Cpx), Variance Components, Nested Models, 
Fixed and Random Effects 
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part of the certification process. The sole use of engineering In addition to the certification process, Harris has worked to 
limits no longer is the only quantitative requirement of incom- promote improved quality in the performance of all our qualified 
ing materials. Specified requirements include centered vendors who must meet rigorous incoming inspection criteria 
means, statistical control limits, and the requirement that (see Table 6). 

vendors deliver their products from their own statistically 

evaluated, in-control manufacturing processes. 


TABLE 6. INCOMING QUALITY CONTROL MATERIAL QUALITY CONFORMANCE 


MATERIAL INCOMING INSPECTIONS VENDOR DATA REQUIREMENTS 


Silicon ¢ Resistivity ¢ Equipment Capability Control Charts 


¢ Crystal Orientation - Oxygen 

* Dimensions - Resistivity 

* Edge Conditions ¢ Control Charts Related to 

.T - Enhanced Gettering 
sa - Total Thickness Variation 

e Thickness 


- Total Indicated Reading 
- Particulates 
¢ Certificate of Analysis for all Critical Parameters 


¢ Control Charts from On-Line Processing 
Certificate of Conformance 


¢ Total Thickness Variation 
e Backside Criteria 

¢ Oxygen 

Carbon 


Chemicals 
- Assay 
- Major Contaminants 
¢ Molding Compounds 


Chemicals/Photoresists/ 
Gases 


Certificate of Analysis on all Critical Parameters 
° Certificate of Conformance 

¢ Control Charts from On-Line Processing 

¢ Control Charts 


- Spiral Flow ~ Ree 
- Thermal Characteristics y ‘ 
- Contaminants 
¢ Gases 
a - Water 
i Impurities - Selected Parameters 
: gon ° Control Charts 
; ; - Assay 
- Film Thickness ~ Cortarcinants 
7 a ¢ Control Charts on 
ne - Photospeed 
- Thickness 
- UV Absorbance 
- Filterability 
- Water 


Contaminants 


Thin Film Materials Assay 
Selected Contaminants 


Control Charts from On-Line Processing 
¢ Control Charts 

- Assay 

- Contaminants 

- Dimensional Characteristics 
¢ Certificate of Analysis for all Critical Parameters 


Certificate of Conformance 


Assembly Materials Visual Inspection 
e Physical Dimension Checks 
¢ Glass Composition 

¢ Bondability 

¢ Intermetallic Layer Adhesion 
¢ lonic Contaminants 

e Thermal Characteristics 

e Lead Coplanarity 

e Plating Thickness 
Hermeticity 


Certificate of Analysis 
¢ Certificate of Conformance 


e Process Control Charts on Outgoing Product Checks 
and In-Line Process Controls 
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Calibration Laboratory 


Another important resource in the product assurance system 
is a calibration lab in each Harris Semiconductor operation 
site. These labs are responsible for calibrating the electronic, 
electrical, electro/mechanical, and optical equipment used in 
both production and engineering areas. The accuracy of 
instruments used at Harris is traceable to a_ national 
standards. Each lab maintains a system which conforms to 
the current revision of ANSI/NCSL 2540-1. 


Each instrument requiring calibration is assigned a calibration 
interval based upon stability, purpose, and degree of use. The 
equipment is labeled with an identification tag on which is 
specified both the date of the last calibration and of the next 
required calibration. The Calibration Lab reports on a regular 
basis to each user department. Equipment out of calibration is 
taken out of service until calibration is performed. The Quality 
organization performs periodic audits to assure proper control 
in the using areas. Statistical procedures are used where 
applicable in the calibration process. 


Manufacturing Science - CAM, JIT, TPM 


In addition to SPC and DOX as key tools to control the product 
and processes, Harris is deploying other management 
mechanisms in the factory. On first examination, these tools 
appear to be directed more at schedules and capacity. 
However, they have a significant impact on quality results. 


Computer Aided Manufacturing (CAM) 


CAM is a computer based inventory and _ productivity 
management tool which allows personnel to quickly identify 
production line problems and take corrective action. In 
addition, CAM improves scheduling and allows Harris to more 
quickly respond to changing customer requirements and aids 
in managing work in process (WIP) and inventories. 


The use of CAM has resulted in significant improvements in 
many areas. Better wafer lot tracking has facilitated a number 
of process improvements by correlating yields to process 
variables. In several places CAM has greatly improved 
capacity utilization through better planning and scheduling. 
Queues have been reduced and cycle times have been 
shortened - in some cases by as much as a factor of 2. 


The most dramatic benefit has been the reduction of WIP 
inventory levels, in one area by 500%. This results in fewer 
lots in the area and a resulting quality improvement. In wafer 
fab, defect rates are lower because wafers spend less time in 
production areas awaiting processing. Lower inventory also 
improves morale and brings a more orderly flow to the area. 
CAM facilitates all of these advantages. 


Just In Time (JIT) 


The major focus of JIT is cycle time reduction and linear 
production. Significant improvements in these areas result in 
large benefits to the customer. JIT is a part of the Total Quality 
Management philosophy at Harris and includes Employee 
Involvement, Total Quality Control, and the total elimination of 
waste. 


Some key JIT methods used for improvement are sequence 
of events analysis for the elimination of non-value added 
activities, demand/pull to improve production flow, TQC check 
points and Employee Involvement Teams using root cause 
analysis for problem solving. 


JIT implementations at Harris Semiconductor have resulted in 
significant improvements in cycle time and linearity. The 
benefits from these improvements are better on time delivery, 
improved yield, and a more cost effective operation. 


JIT, SPC, and TPM are complementary methodologies and 
used in conjunction with each other create a very powerful 
force for manufacturing improvement. 


Total Productive Maintenance (TPM) 


TPM or Total Productive Maintenance is a_ specific 
methodology which utilizes a definite set of principles and 
tools focusing on the improvement of equipment utilization. It 
focuses on the total elimination of the six major losses which 
are equipment failures, setup and adjustment, idling and 
minor stoppages, reduced speed, process defects, and 
reduced yield. A key measure of progress within TPM is the 
overall equipment effectiveness which indicates what 
percentage of the time is a particular equipment producing 
good parts. The basic TPM principles focus on maximum 
equipment utilization, autonomous maintenance, cross 
functional team involvement, and zero defects. There are 
some key tools within the TPM technical set which have 
proven to be very powerful to solve long standing problems. 
They are initial clean, P-M analysis, condition based 
maintenance, and quality maintenance. 


Utilization of TPM has shown significant increases in 
utilization on many tools across the Sector and is rapidly 
becoming widespread and recognized as a very valuable tool 
to improve manufacturing competitiveness. 


The major benefits of TPM are capital avoidance, reduced 
costs, increased capability, and increased quality. It is also 
very compatible with SPC techniques since SPC is a good 
stepping stone to TPM implementation and it is in turn a good 
stepping stone to JIT because a high overall equipment 
effectiveness guarantees the equipment to be available and 
operational at the right time as demanded by JIT. 


QUALITY AND 


RELIABILITY 


Harris Reliability 


Introduction 


At Harris Semiconductor, reliability is built into every product 
by emphasizing quality throughout manufacturing. This starts 
by ensuring the excellence of the design, layout, and 
manufacturing processes. The quality of the raw materials 
and workmanship is monitored using statistical process 
control (SPC) to preserve the reliability of the product. The 
primary and ultimate goal of these efforts is to provide full 
performance to the product specification throughout its useful 
life. 


Reliability Engineering 


The Reliability Engineering department is responsible for all 
aspects of reliability assurance at Harris Semiconductor: 


¢ Charter 
- To ensure that Harris is recognized by our customers and 
competitors as a company that consistently delivers prod- 
ucts with high reliability. 


¢ Mission 
- To develop systems for assessing, enhancing, and assuring 
that quality and reliability are integrated into all aspects of 
our business. 


e Vision 
- To establish excellence and integrity through all design and 
manufacturing processes as it relates to quality and reliabil- 


ity. 
Values 


¢ To be considered responsive and service oriented by 
our customers. 

¢ To be acknowledged by Harris as a highly qualified 
resource for reliability assurance, product analysis, and 
electronic materials characterization. 
To successfully utilize the organization’s talents through 
trained, empowered employees/employee team partici- 
pation. 
To maintain an attitude of integrity, dignity and respect 
for all. 


Strategy 


¢ To provide quantitative assessments of product reliabil- 
ity focusing on the identification and timely elimination 
of design and processing deficiencies that degrade 
product performance and operating life expectancy. 
To provide systems for continuous improvement of reli- 
ability and quality through the assessment of existing 
processes, products, and packages. 

¢ To perform product analysis as a means of problem 
solving and feedback to our customers, both internal 
and external. 
To exercise full authority over the internal qualifications 
of new products, processes, and packages. 


The reliability organization is comprised of a team that 
possesses a broad cross section of expertise in these areas: 


¢ Custom Military (Radiation Hardened) 

e Automotive ASICs 

¢ Harsh Environment Plastic Packaging 

e Advanced Methods for Design for Reliability (DFR) 
e Strength in Power Semiconductor 

¢ Chemical/Surface Analysis Capabilities 


¢ Failure Analysis Capabilities 


The reliability focus is customer satisfaction (external and 
internal) and is accomplished through the development of 
standards, performance metrics, and service systems. These 
major systems are summarized below: 


e A process and product development system known as 
ACT PTM (Applying Concurrent Teams to Product-To- 
Market) has been established. The ACT PTM philosophy 
is one of new product development through a team that 
pursues customer involvement. The team has the author- 
ity, responsibility, and training necessary to successfully 
bring the product to market. This not only includes product 
definition and design, but also all manufacturing capabili- 
ties as well. 


e Standard test vehicles (over 100) have been developed for 
process characterization of wear-out failure mechanisms. 
These vehicles are used for conventional stresses (for 
modeling failure rates) and for wafer level reliability char- 
acterization during development. 


¢ Common qualification standards have been established 
for all sites. 


e A reliability monitoring system (also known as the Matrix 
monitoring system) is utilized for products in production to 
ensure ongoing reliability and verification of continuous 
improvement. 


¢ The field return system is designed to handle a variety of 
customer issues in a timely manner. Product issues are 
often handled by routing the product into the PFAST 
(Product Failure Analysis Solution Team) system. Return 
authorizations (RAs) are issued where an entire lot of 
product needs to be returned to Harris. The Customer 
Return Services (CRS) group is responsible for the admin- 
istration of this system (see Customer Return Services.) 


¢ The PFAST system has been established to expedite fail- 
ure analysis, failure root cause determination, and correc- 
tive actions for field returns. PFAST is a team effort involv- 
ing many functional areas at all Harris sites. The purpose 
of this system is to enable Harris’s Field Sales and Quality 
operations to properly route, track, and respond to our 
customer's needs as they relate to product analysis. 


Harris Reliability 


Design for Reliability 
(Wear-Out Characterization) 


The concept of “Design for Reliability” focuses on moving 
reliability assessment away from tests on sample product to a 
point much earlier in the design cycle. Effort is directed at 
building in and verifying the reliability of a new process well 
before manufacture of the first shippable product that uses 
that technology. This gives these first new products a higher 
probability of success and achieves reduced product-to- 
market cycle times. 


In practice, a set of standardized test vehicles containing 
special test structures are transferred to the new process 
using the layout ground rules specified for that process. Each 
test structure is designed for a specific wear-out failure 
mechanism. Highly accelerated stress tests are performed on 
these structures and the results can be extrapolated to 
customer use conditions. Generally, log-normal statistics are 
used to define wear-out distributions for the life prediction 
models. The results are used to establish reliability design 
ground rules and critical node lists for each process. These 
ground rules and critical nodes ensure that wear-out failures 
do not occur during the customer's projected use of the 
product. 


Process/Product/Package Qualifications 


Once the new process has successfully completed wear-out 
characterization, the final qualification consists of more 
conventional testing (e.g. biased life, storage life, temp cycle 
etc.). These tests are performed on the first new product 
designs (sampled across multiple wafer production lots). 
Successful completion of the final qualification tests 
concurrently qualifies the new process and the new products 
that were used in the qualification. Subsequent products 
designed within the now-established ground rules are 
qualified individually prior to introduction. New package 
configurations are also qualified individually prior to being 
available for use with new products. 


Harris’s qualification procedures are specified via controlled 
documentation and the same standard is used at Harris’s 
sites worldwide. Figure 4 gives more information on the new 
process/product development and life cycle. 


Product/Package Reliability Monitors 


Many of the accelerated stress-tests used during initial 
reliability qualification are also employed during the routine 
monitoring of standard product. Harris’s continuing reliability 
monitoring program consists of three groups of stress tests, 
labeled Matrix |, Il and Ill. Table 7 outlines the Matrix tests 
used to monitor plastic packaged ICs in Harris’s off-shore 
assembly plants, where each wafer fab technology is 
sampled. Matrix | consists of highly accelerated, short 
duration (typically 48 hours) tests, sampled biweekly, which 
provide real-time feedback on product reliability. Matrix II 
consists of the more conventional, longer term stress-tests, 
sampled monthly, which are similar to those used for product 
qualification. Finally, Matrix Ill, performed monthly on each 
package style, monitors the mechanical reliability aspects of 


the package. Any failures occurring on the Matrix monitors are 
fully analyzed and the failure mechanisms identified, with 
containment and _ corrective actions obtained from 
Manufacturing and Engineering. This information along with 
all of the test results are routinely transmitted to a central data 
base in Reliability Engineering, where failure rate trends are 
analyzed and tracked on an ongoing basis. These data are 
used to drive product improvements, to ensure that failure 
rates are continuously being reduced over time. 


Reliability data, including the Matrix Monitor results, can be 
obtained by accessing our Reliability Engineering WWW 
Home Page at URL: http://rel.semi.harris.com or by contact- 
ing your local Harris sales office. 


TABLE 7. PLASTIC PACKAGED IC MONITORING TESTS 
MATRIX | 


SAMPLE/ 
TEST CONDITIONS DURATION LTPD 
Autoclave 121°C, 100%RH, 96 Hours 45/5 
15PSIG 


Biased Life | Life | 45/5 | 
HAST 135°C, 85% RH 


MATRIX Il 


SAMPLE/ 
TEST CONDITIONS DURATION LTPD 
Autoclave 121°C, 100%RH, 192 Hours 45/5 


15PSIG 


Biased Humidity | 85°C, 85% RH 


MATRIX til 


TEST CONDITIONS SAMPLE/LTPD 
Brand Adhesion MIL-STD-883/2015 15/15 
Flammability (UL-94 Vertical Burn) 11/20 


Lead Fatigue MIL-STD-883/2004 15/15 
Physical Dimensions | MIL-STD-883/2016 11/20 
Solderability MIL-STD-883/2003 45/15 
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FLOW - PROCESS/PRODUCT DEVELOPMENT RELIABILITY FOCUS 


PRODUCT DEFINITION REVIEW ¢ Assumes process development required 
CONCEPT REVIEW e Evaluate reliability risks factors 


e Attain commitment for test vehicle development 


xe 


DESIGN REVIEW e Review test vehicle development and stress test plan 


e Review package requirements and ESD requirements 
¢ Review latent random failure mechanism history and design for elimination 
e Review ground rules for design and elimination of wear-out mechanisms 


e Review process characterization, statistical control and capability and critical 
node list 


e Review device modeling and simulations 
e Review process variability and producibility 
¢ Define wafer level reliability vehicles 


xx 


¢ Evaluate design of chip to package risk factors 


e Review Design ground Rule Checks (DRCs) 


e Establish reliability test, stress and failure analysis capabilities 
e Project failure rate based on test vehicle data 


e Review burn-in diagrams for production and qualification 
e Review overall qualification plan 


xx 


TEST VEHICLE FABRICATION ¢ Test vehicles and/or product constructed 


¢ Conduct wear-out characterization and/or product stress testing 


EVALUATION REVIEW e Review test vehicle stress results 


¢ Verify wear-out mechanisms are eliminated by design and Statistical Process 
Control (test vehicle + SPC) 


¢ Review product characterization to data sheet, ESD, latch-up and Destructive 
Physical Analysis (DPA) results and define corrective actions 

e Review of life test data and failure mechanisms. Define corrective actions 

¢ Utilize statistical Design Of Experiments (DOX) if required to adjust process or de- 
sign 

¢ Define necessary changes to eliminate any systematic failure mechanism 

¢ If mature process - grant generic release 


x*erk 


NEW PRODUCT TRANSFER * Qualification requirements complete and presented. Meet FIT rate requirements 


e Review infant mortality burn-in results 
¢ Initiate reliability monitor plan 


ee scus tisha 


- Matrix monitor assessment 

- Military quality conformance testing 
e Trend analysis of reliability performance used to develop product improvements 
¢ Yield management support 


x*we 


«ewe 


¢ High quality and reliable products shipped to Harris customers 


CONTINUOUS IMPROVEMENT ¢ Failure Analysis - Determine assignable cause of failure 


¢ Closed loop corrective action process 
¢ Continuous improvement objectives in product reliability and quality 


FIGURE 4. NEW PROCESS/PRODUCT DEVELOPMENT AND LIFE CYCLE 
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Customer Return Services 


Harris places a high priority on resolving customer return 
issues. The Customer Return Services (CRS) department is 
responsible for determining the best manner to handle a 
return issue as illustrated in Figure 5. 


RA PFAST 
REQUEST REQUEST 


ELECTRICAL TEST/ 
PROBLEM VERIFICATION 


FAILURE 
ANALYSIS 


CONTAINMENT ACTIONS 
AND CORRECTIVE ACTIONS 


FIGURE 5. GENERAL RETURN FLOW 


The diversity of return reasons requires that many different 
organizations be involved to test, analyze, and correct field 
return issues. The CRS group coordinates the responses 
from the supporting organizations to drive closure of issues 
within the customer response time requirements, see Table 7. 
The results from the work performed on customer returns are 
used to initiate corrective actions and _ continuous 
improvements within the factories. When the work on a return 
is completed, the customer is contacted to be certain all 
issues have been satisfactorily resolved. 


The two methods used to return devices are by a RA (Return 
Authorization) request or by a PFAST (Product Failure 
Analysis Solution Team) request. The main difference 
between RA and PFAST is that the PFAST requests often 
require extensive analysis and a more formal response to the 
customer. All returns follow the same general procedure from 
the customer's perspective as seen in steps one to five of the 
customer return procedure. 


Step 1 - Customer or Sales office contacts the Cus- 
tomer Return Services department. If a return is to be 
routed into the PFAST system, then a PFAST Action 
Request (see the PFAST form in this section) needs to 
be completed to understand the customer's issue and 
direct the analysis efforts. 


- Phone Number: (407)-724-7400 
FAX Number: (407)-724-7658 
Internet: creturn@huey.mis.semi.harris.com 
PROFS: CRETURN 


Step 2 - The Customer Return Services department 
notifies all affected sales, factory, and engineering 


organizations of the issue. 


Step 3 - When product is received, the issue is verified 
and any required analysis is performed. Where applica- 
ble, a preliminary analysis report is sent to the cus- 
tomer. 


Step 4 - A determination of the root cause of failure ini- 
tiates the corrective actions to address the source of 
the problem. A final corrective action report is sent to 
the customer if requested. 


Step 5 - The Customer Return Services department 
contacts the customer to confirm that all issues have 
been handled properly and the customer is satisfied 
that the return is completed. 


The RA request is used to return and replace an entire lot of 
product. The lot is returned to Harris for replacement or credit. 
Once the product is received various tests and evaluations will 
be performed to determine the appropriate actions that should 
be taken to resolve any problems or issues. 


A PFAST request is used to return a small sample for analysis 
of a problem. The ultimate outcome of both types of requests 
is to determine corrective actions that would preclude the 
same problem occurring in the future. Where appropriate, a 
containment plan is also implemented to prevent a re- 
occurrence of the problem in the field. The customer return 
flow diagram (Figure 6) provides the typical activities and 
cycle times for processing a PFAST request.. 
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TABLE 8. CUSTOMER RETURN SERVICES 


To resolve product quality issues | To provide a single point interface Maintain customer return history. 
while providing feedback to both | between the customer and the 
external and internal customers to | factory for resolving — technical 
facilitate corrective actions and | problems, issues, and field returns. 
continuous improvement of the 
product. 


2. Track returns through the factory. 


3. Establish a history library of problems 
and corrective actions. 


Ensure closure with customers. 


STATUS UPDATE 
CUSTOMER 
 cvsrowen PRODUCT ANALYSIS REPORT CUSTOMER 


SALES CUSTOMER RETURN SERVICES GROUP 
OFFICE CORRECTIVE 
ACTION 


TEST FAILURE 
ANALYSIS 
REQUIRED? 
PRODUCT 
ENGINEERING 
PRODUCT 
ANALYSIS 
LABORATORY 
ASSEMBLY 
ENGINEERING MANUFACTURING 
_ | 3 DAYS —— |= 15 DAYS ————— | = 15 DAYS ————————> 
ated FAILURE FAILURE ANALYSIS CORRECTIVE ACTIONS ere 
VERIFICATION (IF REQUIRED) AND CONTAINMENT ACTIONS 


—————— a so DAs IOCLAL CVO QQ eee 


NOTE: The days indicated are the typical number of ‘working days’ not calendar days. Analysis difficulty 
and the nature of the corrective actions may either improve or degrade the total cycle time. 


FIGURE 6. CUSTOMER RETURN FLOW DIAGRAM 
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—) HARRIS 


LHL semiconbductTorR 


Request # 


PFAST ACTION REQUEST 


(Product Failure Analysis Solution Team) 


Originator 
Company/Phone No. 
Device Type/Part No. 
No. Samples Returned 


Date: 


Customer 

Location 

Customer's Reference No. 
Quantity Received 


Instructions and requirements are on the back of this form. 


Has Field Applications been contacted for assistance? [] No [J Yes- Who was contacted 


SOURCE OF PROBLEM REASON FOR ELECTRICAL REJECT 
(Enter the sequence of events in the boxes provided) (Where appropriate serialize units and specify for each) 


Visual/Mechanical 
[-] Describe 
Incoming Test [_] Not Performed 
[J 100% Tested [J Sample Tested 
No. Tested No. of Rejects 

Are results representative of previous lots? 

[] YES [] NO 

In Process/Manufacturing Failure 

CJ Board Test [_] System Test 
How many units failed? 

Failed after hours of testing 

Was unit retested at incoming inspection? 

[] YES [] NO 

Are results representative of previous lots? 

[] YES [] NO 

Field Failure 

Failed after 
Estimated failure rate 
End User 


Min. °C Ave. 
Other 


ACTION REQUESTED BY CUSTOMER 


Specific Action Requested (Contact PFAST Coordinator for other 
options) 

[_] Test Sample for Correlation Only 

(] Test Sample for Product Return >$5k 

[J Failure Analysis 

[] Other 
Impact of Failed Units on Customer's Situation: 


hours operation 
% per 
Location 


°C Max. 


Customer Contact with Specific Knowledge of Rejects 
Name 


Position Phone 


Additional Comments: 


Test Conditions Relating to Failure 
Tester Used (Mfgr/Model) 
Test Temperature 
Test Time [J Continuous (T = 

[] One Shot (T = 

Describe any observed condition to which 

failure appears sensitive 


[J DC Failure 
[-] Open 
[_] Power Drain 
Pin Number 
[-] AC Failure 
Power Supply Voltages = 
Input Voltages Vy = 


[_] Short 
[] Input Level 


[_] Leakage 
[-] Output Level 


Pin Number 
Failing characteristics 


[-] RAM and ROM Failures (ROM failures must be 
returned with a good master unit if failure 
analysis is requested). 

Address of Failing Location 


Describe Pattern Used (If not standard 
patterns, give very complete description 
including address sequence). 


Include timing diagrams and circuit schematic if available. 


ROM Programmer Used (If purchased 
unprogrammed) 


Conformal Coating (Mfgr/Model) 


FIGURE 7. PFAST ACTION REQUEST 
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INSTRUCTIONS FOR COMPLETING PFAST ACTION REQUEST FORM 


The purpose of this form is to help us provide you with a more accurate, complete, and timely response to failures which may occur. 
Accurate and complete information is essential to ensure that the appropriate corrective action can be implemented. Due to this need for 
accurate and complete information, requests without a completed PFAST Action Request form will be returned. 


Source of Problem: 


This section requests the product flow leading to the failure. Mark an ‘X’ in the appropriate boxes up to and including the step which 
detected the failure. Also mark an ‘X’ in the appropriate box under “ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS?” to 
indicate whether this is a rare failure or a repeated problem. 


Example 1. No incoming electrical test was performed; the units Example 2. 100 out of the 500 units shipped were tested at incom- 
were installed onto boards; the boards functioned correctly fortwo _ ing and all passed. The units were installed into boards and the 
hours and then | unit failed. The customer rarely has a failure due —_ boards passed. The boards were installed into the system and the 
to the Harris device. system failed immediately when turned on. There were 3 system 


failures due to this part. The customer frequently has failures of 
SOURCE OF PROBLEM 
(Enter the sequence of events in the boxes provided) 


this Harris device. The 3 units were not retested at incoming. 
1. VISUAL/MECHANICAL 


SOURCE OF PROBLEM 
(Enter the sequence of events in the boxes provided) 
Q) DESCRIBE 


1. VISUAL/MECHANICAL 
() DESCRIBE 


2. INCOMING TEST NOT PERFORMED 2. INCOMING TEST (J NoT PERFORMED 


() 100% TESTED (J SAMPLE TESTED () 100% TESTED SAMPLE TESTED 
No. TESTED No. OF REJECTS No. TESTED _ 100 No. OF REJECTS __0 
ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS? ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS? 
(J YES LJ NO YES LJ NO 
3. IN PROCESS/MANUFACTURING F AILURE 3. IN PROCESS/MANUFACTURING F AILURE 
(@) BoarD TEST (J SYSTEM TEST (@ BoarD TEST @ SYSTEM TEST 


HOW MANY UNITS FAILED? 1 
FAILED AFTER __2 __ HOURS OF TESTING 
WAS UNIT RETESTED AT INCOMING INSPECTION? 


HOW MANY UNITS FAILED? 3 
FAILED AFTER 0 HOURS OF TESTING 
WAS UNIT RETESTED AT INCOMING INSPECTION? 


J YES @ No (J YES @ No 

ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS? ARE RESULTS REPRESENTATIVE OF PREVIOUS LOTS? 
() YES @ No YES () No 

4, FIELD FAILURE 4. FIELD FAILURE 

FAILED AFTER HOURS OPERATION FAILED AFTER HOURS OPERATION 

ESTIMATED FAILURE RATE % PER ESTIMATED FAILURE RATE % PER 

END USER LOCATION. END USER LOCATION 

MIN. "CAVE. "Cc MAX. cC MIN. "CAVE. "Cc MAX. + 


. OTHER . OTHER 


Action Requested by Customer: 
This section should be completed with the customer’s expectations. This information is essential for an appropriate response. 
Reason for Electrical Reject: 


This section should be completed if the type of failure could be identified. If this information is contained in attached customer corre- 
spondence there is no need to transpose onto the PFAST Action Request form. 


PFAST REQUIREMENTS 
The value of returning failing products is in the corrective actions that are generated. Failure to meet the following requirements can 
cause erroneous conclusion and corrective action; therefore, failure to meet these requirements will result in the request being returned. 
Contact the local PFAST Coordinator if you have any questions. 


Units with conformal coating should include the coating manufacturer and model. This is requested since the coating must be removed in 
order to perform electrical and hermeticity testing. 


1. Units must be returned with proper ESD protection (ESD-safe shipping tubes within shielding box/bag or inserted into conductive ) 
foam within shielding box/bag). No tape, paper bags, or plastic bags should be used. This requirement ensures that the devices arenot | 
damaged during shipment back to Harris. ) 
2. Units must be intact (lid not removed and at least part of each package lead present). This is a requirement since the parts must be intact in 
order to perform electrical test. Also, opening the package can remove evidence of the cause of failure and lead to an incorrect conclusion. 


3. Programmable parts (ROMs, PROMs, UVEPROMs, and EEPROMs) must include a master unit with the same pattern. This require- | 
ment is to provide the pattern so all failing locations can be identified. A master unit is required if a failure analysis is requested. 


FIGURE 7. PFAST ACTION REQUEST (Continued) 
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Product Analysis Lab 


The Product Analysis Laboratory capabilities and charter 
encompass the isolation and identification of failure modes 
and mechanisms, preparing comprehensive technical reports, 
and assigning appropriate corrective actions. The primary 
activities of the Product Analysis Lab are _ electrical 
verification/characterization of the failure, package 
inspection/analysis, die inspection/analysis, and_ circuit 
isolation/probing. A variety of tools and techniques have been 
developed to ensure the accuracy and integrity of the product 
analysis. This section lists some of the tools and techniques 
that are employed during a typical analysis. 


The electrical verification/characterization of devices failing 
electrical parameters is essential prior to performing an 
analysis. The information obtained from the electrical 
verification provides a direction for the analysis efforts. The 
following electrical verification/characterization equipment 
may be used to obtain electrical data on a device: 


e ASIC Verification System ¢ Mixed Signal/Telecom 


¢ Analog Test System Test System 


e Parametric Analyzer 
e Curve Tracer y 


Prior to die level analysis, package inspection and analysis 
are performed. These steps are performed routinely since 
valuable data may not be obtainable once the package is 
opened. The package inspection and analysis may require the 
use of some of the following lab equipment: 


e X-ray 
e C-mode Scanning Acoustic Microscope (C-SAM) 
¢ Optical inspection microscopes 


e Package opening tools and techniques 


SPECIAL TESTS 


SELECT ANALYSIS PATH 


NON-DESTRUCTIVE 


RESEARCH 
ATA ANALYSIS 
FAILURE MODE 
PREDICTIONS 


Once the device has been opened, die inspection and 
analysis can be performed. Depending on the type of failure, 
several tools and techniques may be used to identify the 
failure mechanism. Usually the faster and easier to use 
operations are performed first in an attempt to expedite the 
analysis. The list of equipment and techniques for performing 
die inspection and analysis is as follows: 


¢ Optical microscopes 

e Liquid crystal 

e¢ Emission microscope 

e Scanning electron microscopes - SEM 


The final step of circuit isolation is ready to be performed 
when an area of the circuit has been identified as the source 
of the problem through one of the previous analysis efforts. 
Circuit analysis is performed using the following probing and 
isolation tools: 


¢ Mechanical probing 

e Laser cutter and isolation 

e E-beam probing 

e Cross sectioning and chemical deprocessing 


A typical analysis flow is shown in the Figure 8 below. The 
exact analysis steps and sequence are determined as the 
situation dictates. For the analysis to be conclusive, it is 
essential that the failure mechanism correlates to the initial 
product failure conditions. Some failure mechanisms require 
elemental and chemical analysis to identify the root cause 
within the manufacturing process. Elemental and chemical 
analysis tasks are sent to the Analytical Services Lab for 
further evaluation. 


The results of each analysis are entered into a computer data 
base. This data base is used to search for specific types of 
problems, to identify trends, and to verify that the corrective 
actions were effective. 


DEENCAPSULATION 
INTERNAL VISUAL 
INSPECTION 


PROCESS INTERNAL ELEC- 
DATA TRICAL PROBE gel 
CHEMICAL 
TESTS 
CROSS 
CIRCUIT ANALYSIS SECTION 
HISTORY REPORT 
DESTRUCTIVE 


FIGURE 8. ANALYSIS SEQUENCE 


QUALITY AND 


RELIABILITY 


Harris Reliability 


Analytical Services Laboratory 


Chemical and physical analysis of materials and processes is 
an integral part of Harris’ Total Quality/Continuous 
Improvement efforts to build reliability into processes and 
products. Manufacturing operations are supported with real- 
time analyses to help maintain robust processes. Analyses 
are run in cooperation with raw material suppliers to help them 
provide controlled materials in dock-to-stock procurement 
programs. 


Harris facilities, engineering, manufacturing, and product 
assurance are supported by the Analytical Services 
Laboratory. Organized into chemical or microbeam analysis 
methodology, staff and instrumentation from both labs 
cooperate in fully integrated approaches necessary to 
complete analytical studies. 


The department also maintains ongoing working 
arrangements with commercial laboratories, universities, and 
equipment manufacturers to obtain any materials analysis in 
cases where instrumental capabilities are not available in our 
own facility. 


Figures 9 and 10 show the capabilities of each area. 
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FIGURE 9. MICROBEAM LABORATORY 
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FIGURE 10. CHEMISTRY LABORATORY 
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Reliability Fundamentals and Calculation where, 


of Failure Rate i. = failure rate in FITs (Number fails in 10° device hours) 
Table 9 defines some of the more important terminology = number of distinct possible failure mechanisms 
used in describing the lifetime of integrated circuits. Of prime k = number of life tests being combined 


importance is the concept of “failure rate” and its calculation. : , , : 
X; = number of failures for a given failure mechanism 


Failure Rate Calculations f= 1,2, 0.48 


Since reliability data can be accumulated from a number of TDH; = Total device hours of test time (unaccelerated) for Life Test 
, ‘ ‘ ; . i, j= 1, 2, 3,..k 

different life tests with several different failure mechanisms, a IJ . . 

comprehensive failure rate is desired. The failure rate AF jj = Acceleration factor for appropriate failure mechanism i = 1, 


calculation can be complicated if there are more than one 2,...k 

failure mechanism in a life test, since the failure mechanisms = en ar+2)/2 

are thermally activated at different rates The equation below where, 

accounts for these considerations along with a statistical X* = chi square factor for 2r + 2 degrees of freedom 
factor to obtain the upper confidence level (UCL) for the r= total number of failures (Z x;)) 


a= risk associated with UCL; 


resulting failure rate. i.e. a = (100-UCL(%))/100 


In the failure rate calculation, Acceleration Factors (AFjj) are 


B Xi Mx 102 used to derate the failure rate from the thermally accelerated 

as 2 k *~B life test conditions to a failure rate indicative of actual use 
i=1 y TDH; AF; ys x, temperature. Although no standard exists, a temperature of 

& i= 1 55°C has been popular. Harris Semiconductor Reliability 


Reports will derate to 55°C and will express failure rates at 
60% UCL. Other derating temperatures and UCLs are 
available upon request. 


TABLE 9. FAILURE RATE PRIMER 


TERMS DEFINITIONS/DESCRIPTION 


Failure Rate A 


FIT (Failure In Time) 


The summation of the number of units in operation multiplied by the time of operation. 


MTTF (Mean Time To Failure) Mean of the life distribution for the population of devices under operation or expected lifetime of an 
individual, MTTF = 1/A, which is the time where 63.2% of the population has failed. Example: For 
X= 10 FITS (or 10 E-9/Hr.), MTTF = 1/A = 100 million hours. 


Measure of failure per unit of time. The early life failure rate is typically higher, decreases slightly, 
and then becomes relatively constant over time. The onset of wear-out will show an increasing fail- 
ure rate, which should occur well beyond useful life. The useful life failure rate is based on the expo- 
nential life distribution. 


Measure of failure rate in 109 device hours; e.g., 1 FIT = 1 failure in 10° device hours, 100 FITS = 
100 failure in 109 device hours, etc. 


Confidence Level (or Limit) Probability level at which population failure rate estimates are derived from sample life test: 10 FITs 
at 95% UCL means that the population failure rate is estimated to be no more that 10 FITs with 95% 


certainty. The upper limit of the confidence interval is used. 


Acceleration Factor (AF) A constant derived from experimental data which relates the times to failure at two different stresses. 


The AF allows extrapolation of failure rates from accelerated test conditions to use conditions. 
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Acceleration Factors Activation Energy 


Acceleration factor is determined from the Arrhenius The Activation Energy (Eg) of a failure mechanism is 

Equation. This equation is used to describe physiochemical determined by performing at least two tests at different levels 

reaction rates and has been found to be an appropriate model of stress (temperature and/or voltage). The stresses will 

for expressing the thermal acceleration of semiconductor provide the time to failure (t,) for the two (or more) populations 

failure mechanisms. thus allowing the simultaneous solution for the activation 
energy as follows: 


AF = exr ee a ] In (ty) = C E In (to) = C E 
= — = n = + = + 
K\Tuse 'stTRESsS: ‘ : . : 
kT, KT» 
By subtracting the two equations and solving for the activation 
where, energy, the following equation is obtained: 
AF = Acceleration Factor K{IN (ty Fax IN(tyo)] 
E, = Thermal Activation Energy (See Table 10) a” (1/T1-1/T2) 
k = Boltzmann's Constant (8.63 x 10-5 eV/°K) where, 
Both Tyse and Tstress (in degrees Kelvin) include the internal E, = Thermal Activation Energy (See Table 10) 
temperature rise of the device and therefore represent the k = Boltzmann’s Constant (8.63 x 1075 eV/°K) 


JORGEON TeRPEranure. T,, To = Life test temperatures in degrees Kelvin 


TABLE 10. FAILURE MECHANISM 
FAILURE ACTIVATION SCREENING AND 
MECHANISM ENERGY TESTING METHODOLOGY CONTROL METHODOLOGY 

Oxide Defects 0.3eV - 0.5eV High temperature operating life (HTOL) and | Statistical Process Control of oxide parameters 

voltage stress. Defect density test vehicles. defect density control, and voltage stress testing. 

Silicon Defects 0.3eV-0.5eV | HTOL and voltage stress screens. Vendor statistical Quality Control programs, and 

(Bulk) Statistical Process Control on thermal processes. 
Corrosion 0.45eV Highly accelerated stress testing (HAST) Passivation dopant control, hermetic seal control, 
improved mold compounds, and product han- 

dling. 
Assembly 0.5eV-0.7eV | Temperature cycling, temperature and | Vendor Statistical Quality Control programs, 
Defects mechanical shock, and_ environmental | Statistical Process Control of assembly process- 
stressing. es, proper handling methods. 
Electromigration Test vehicle characterizations at highly | Design ground rules, wafer process statistical 
0.6eV elevated temperatures. process’ steps, photoresist, metals and 
© passivation. 
0.9eV 
0.7eV Mask FAB comparator, print checks, defect | Clean room control, clean mask, pellicles, 
density monitor in FAB, voltage stress test | Statistical Process Control of photoresist/etch 
and HTOL. processes. 

Charge Injection 


- AlLine 


- Contact 


Mask De- 
fects/Photoresist 
Defects 


C-V stress at oxide/interconnect, wafer FAB 
device stress test and HTOL. 


Contamination Statistical Process Control of C-V data, oxide/ 
interconnect cleans, high integrity glassivation 


and clean assembly processes. 


HTOL and oxide characterization. Design ground rules, wafer level Statistical 
Process Control and critical dimensions for 


oxides. 
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Electrostatic Discharge Control: 
A Guide To Handling Integrated Circuits 


This paper discusses methods and materials recommended 
for protection of ICs against ESD damage or degradation 
during manufacturing operations vulnerable to ESD expo- 
sure. Areas of concern include dice prep and handling, dice 
and package inspection, packing, shipping, receiving, test- 
ing, assembly and all operations where ICs are involved. 


All integrated circuits are sensitive to electrostatic discharge 
(ESD) to some degree. Since the introduction of integrated 
circuits with MOS structures and high quality junctions, safe 
and effective means of handling these devices have been of 
primary importance. 


lf static discharge occurs at a sufficient magnitude, 2kV or 
greater, some damage or degradation will usually occur. It has 
been found that handling equipment and personnel can gen- 
erate static potentials in excess of 10kV in a low humidity envi- 
ronment; thus it becomes necessary for additional measures 
to be implemented to eliminate or reduce static charge. Avoid- 
ing any damage or degradation by ESD when handling 
devices during the manufacturing flow is therefore essential. 


ESD Protection and Prevention Measures 


One method employed to protect gate oxide structures is to 
incorporate input protection diodes directly on the monolithic 
chip. However, there is no completely foolproof system of 
chip input protection in existence in the industry. 


In areas where ICs are being handled, certain equipment 


should be utilized to reduce the damaging effects of ESD. conductive surface. =. - 
eee ie gues aueh : piaain WOK StBLIONS, con- Do keep hand creams and food away from static controlled ie = 
ductive wrist straps, conductive floor mats, lonized air blow- conductive work surfaces. If spilled on the bench top, these ‘i sal 
ers and conductive packaging materiale are included in thie materials will contaminate and increase the resistivity of the | S 
IC handling environment. Any time an individual intends to work S°ee, = i 
handle an IC, in any way, they must insure they have been or 


grounded to eliminate circuit damage. 


Grounding personnel can, practically, be performed by two 
methods. First, grounded wrist straps which are usually 
made of a conductive material, such as Velostat or metal. A 
resistor value of 1 megohm (1/2 watt) in series with the strap 
to ground completes a discharge path for ESD when the 
operator wears the strap in contact with the skin. Another 
method is to insure direct physical contact with a grounded, 
conductive work surface. 


This consists of a conductive surface like Velostat, covering 
the work area. The surface is connected to a 1 megohm (1/2 
watt) resistor in series with ground. 


Copyright © Harris Corporation 1996 


In addition to personnel grounding, areas where work is being 
performed with ICs, should be equipped with an ionized air 
blower. lonized air blowers force positive and negative ions simul- 
taneously over the work area so that any nonconductors that are 
near the work surface would have their static charge neutralized 
before it would cause device damage or degradation. 


Relative humidity in the work area should be maintained as 
high as practical. When the work environment is less than 40% 
RH, a static build-up condition can exist on nonconductors 
allowing stored charges to remain near the ICs causing possi- 
ble static electricity discharge to ICs. 


Integrated circuits that are being shipped or transported require 
special handling and packaging materials to eliminate ESD 
damage. Dice or packaged devices should be in conductive 
carriers during all phases of transport and handling. Leads of 
packaged devices can be shorted by tubular metallic carriers, 
conductive foam or foil. 


Do’s and Don'ts for Integrated 

Circuit Handling 

Do’s 

Do keep paper, nonconductive plastic, plastic foams and 
films or cardboard off the static controlled conductive bench 
top. Placing devices, loaded sticks or loaded burn-in boards 


on top of any of these materials effectively insulates them 
from ground and defeats the purpose of the static controlled 


Do be especially careful when using soldering guns around 
conductive work surfaces. Solder spills and heat from the gun 
may melt and damage the conductive mat. 


Do check the grounded wrist strap connections daily. Make cer- 
tain they are snugly fitted before starting work with the product. 


Do put on grounded wrist strap before touching any devices. 
This drains off any static buildup from the operator. 


Do know the ESD caution symbols. 


Do remove devices or loaded sticks from shielding bags only 
when grounded via wrist strap at grounded work station. This 
also applies when loading or removing devices from the antistatic 
Sticks or the loading on or removing from the burn-in boards. 


9-23 


Tech Brief 52 


Do wear grounded wrist straps in direct contact with the bare 
skin never over clothing. 


Do use the same ESD control with empty burn-in boards as 
with loaded boards if boards contain permanently mounted 
ICs as part of driver circuits. 


Do insure electrical test equipment and solder irons at an 
ESD control station are grounded and only uninsulated 
metal hand tools be used. Ordinary plastic solder suckers 
and other plastic assembly aids shall not be used. 


Do use ionizing air blowers in static controlled areas when the 
use of plastic (nonconductive) materials cannot be avoided. 


Don’ts 


Don’t allow anyone not grounded to touch devices, loaded 
sticks or loaded burn-in boards. To be grounded they must 
be standing on a conductive floor mat with conductive heel 
straps attached to footwear or must wear a grounded wrist 
strap. 


Don’t touch the devices by the pins or leads unless 
grounded since most ESD damage is done at these points. 


Don’t handle devices or loaded sticks during transport from 
work station to work station unless protected by shielding 
bags. These items must never be directly handled by anyone 
not grounded. 


Don’t use freon or chlorinated cleaners at a grounded work area. 


Don’t wax grounded static controlled conductive floor and 
bench top mats. This would allow buildup of an insulating 
layer and thus defeating the purpose of a conductive work 
surface. 


Don’t touch devices or loaded sticks or loaded burn-in 
boards with clothing or textiles even though grounded wrist 
strap is worn. This does not apply if conductive coats are 
worn. 


Don't allow personnel to be attached to hard ground. There 
must always be 1 megohm series resistance (1/2 watt 
between the person and the ground). 


Don’t touch edge connectors of loaded burn-in boards or 
empty burn-in boards containing permanently mounted 
driver circuits when not grounded. This also applies to burn- 
in programming cards containing ICs. 


WRIST STRAP GROUND 
LEAD IS ATTACHED TO 
CONDUCTIVE BENCH TOP 


ESD WARNING SYMBOLS 


Cohy 


GROUND, i.e. COLD WATER 


PIPE OR EQUIVALENT 


BUILDING FLOOR 


Don’t unload stick on a metal bench top allowing rapid dis- 
charge of charged devices. 


Don’t touch leads. Handle devices by their package even 
though grounded. 


Don't allow plastic “snow or peanut” polystyrene foam or 
other high dielectric materials to come in contact with 
devices or loaded sticks or loaded burn-in boards. 


Don't allow rubber/plastic floor mats in front of static con- 
trolled work benches. 


Don't solvent-clean devices when loaded in antistatic sticks 
since this will remove antistatic inner coating from sticks. 


Don’t use antistatic sticks for more than one throughput pro- 
cess. Used sticks should not be reused unless recoated. 


Recommended Maintenance Procedures 
Daily 


Perform visual inspection of ground wires and terminals on 
floor mats, bench tops, and grounding receptacles to ensure 
that proper electrical connections via 1 megohm resistor (1/2 
watt) exist. 


Clean bench top mats with a soft cloth or paper towel damp- 
ened with a mild solution of detergent and water. 


Weekly 


Damp mop conductive floor mats to remove any accumu- 
lated dirt layer which causes high resistivity. 


Annually 


Replace nuclear elements for ionized air blowers. 


Review ESD protection procedures and equipment for 
updating and adequacy. 


Static Controlled Work Station 


The figure below shows an example of a work bench prop- 
erly equipped to control electrostatic discharge. Note that 
the wrist strap is connected to a 1 megohm resistor. This 
resistor can be omitted in the setup if the wrist strap has a 1 
megohm assembled on the cable attached. 


~6 CONDUCTIVE WRIST 
STRAP 


CONDUCTIVE BENCH TOP 
(LLA AL A hha hed. 


DISSIPATIVE FLOOR MAT 
Baaowoereaees 


R = 1 MEGOHM 
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Application Note Abstracts 


TAN@[ MLE ——SC~—~iSC“‘*‘“‘*S*SCSCSCSCSCSCSCCCCSCABSTRACT.C=CSCSCSCSC~S~S 
Using the 8048/8049 Describes in detail the operation of the ICL8048 logarithmic amplifier, and its 
Monolithic Log-Anti-Log counterpart, the ICL8049 anti-log amp. 
Amplifiers 

Everything You Always 


Wanted to Know About the 
8038 


040 A Precision Four Quadrant | Describes, in detail, the operation of the ICL8013 analog multiplier. Included are 
Multiplier - The 8013 multiplication, division, and square root applications. 


The ICL7650 - A New Erain | A brief discussion of the internal operation of the ICL7650, followed by an extensive 


Glitch-Free Chopper application section including amplifiers, comparators, log-amps, pre-amps, etc. 
Stabilizer Amplifiers 


509 A Simple Comparator Using | Performance characteristics, application schematics, output parameter control 
The HA-2620 methods. 


The HA-2400 PRAM HA-2400 Programmable Analog Microcircuit description, frequency compensation, 
Four Channel Operational | applications (analog multiplexer, non-inverting programmable gain amplifier, inverting 
Amplifier programmable gain amplifier, programmable attenuator, programmable adder- 
subtractor, phase selector, phase detector, synchronous rectifier, balanced modulator, 
integrator, ramp generator, track and hold, sample and hold, sine wave oscillator, 
multivibrator, active filter, programmable power supply, comparator, multiplying D/A 
converter). 


This note includes 17 of the most asked questions regarding the use of the ICL8038. 


Operational Amplifier Input capacitance and stability, capacitive feedback compensation, guidelines for 


Stability: Input Capacitance | compensation requirements. 
Considerations 


S17 Applications of a Monolithic 
Sample and Hold Amplifier 


Operational Amplifier 
Noise Prediction 


General Sample and Hold information and fourteen specific applications, including 
filtered Sample and Hold DAC de-glitcher, Integrate-Hold-Reset, gated op amp, etc. 


Noise model and equations, procedure for computing total output noise, example, 
broadband noise measurement, spot noise prediction techniques, typical spot noise 
curves, popcorn noise discussion. 


525 HA-5190/5195 Fast Settling | Internal schematic, prototyping considerations, frequency compensation, performance 
Operational Amplifier enhancement methods, applications. 


526 Video Applications for the Video applications, video response tests, S/N ratio measurements, power supply 
HA-5190/5195 requirements temperature considerations, design hints, prototyping tips, RF AGO 
amplifier, DC gain controlled video amplifier. 


Description and electrical specifications for the HA-5320 Sample/Hold Amplifier, 
explanation of errors sources, and HA-5320 applications. 


Monolithic Sample/Hold 
Combines Speed and 
Precision 


HA-5170 Precision Low 


Noise JFET Input Operation 
Amplifier 


Using HA-2539 or HA-2540 
Very High Slew Rate, 
Wideband Operational 
Amplifier 


Internal design and technology, JFET noise discussion, trimming of offset voltage, 
single op amp Instrumentation Amplifier, sine wave oscillator, high impedance 
transducer interface, current source/sink and current sense circuits. 


Prototyping considerations, output short circuit protection, offset voltage adjustment, 
frequency compensation, composite amplifier scheme, DC error reduction, boosting 
output current, increasing output signal swing, cascade amplifier, video gain block, high 
frequency oscillator, wideband signal splitter. 
Operation, noise performance, applications (remote sensor loop transmitter, charge 
pool power supply, low power microphone preamplifier, AGO with squelch control, Wein 
bridge oscillator, bar code scanner, monostable multivibrator). 


A method of calculating Gain Bandwidth product performance versus temperature for 
the HA-2625 Op Amp. 


Micropower Op Amp Family, 
HA-514X 
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546 A Method of Calculating HA- 
2625 Gain Bandwidth 
Product vs Temperature 

A Designer's Guide for the 
HA-5033 Video Buffer 


Operation, video performance, video parameter specifications, Y parameters, 
applications (flash converter pre-driver, coaxial line driver, video gain block, high speed 
sample and hold, audio drivers, crystal oscillator). 


NOTE: Bold type indicates Appnote is included in this data book. 
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THLE ABSTRACT 


Using the HA-2541 Prototyping guidelines, thermal considerations and heat sinking, performance 
enhancements, applications (Wein bridge oscillator, high power gain stage, video stage 
with clamp, multiplexer/demultiplexer, disk drive write amplifier, gain programmable 
amp, composite amp). 


Operational amplifier test procedures for offset voltage, bias current, offset current, 
power supply rejection ratio, common mode rejection ratio, output voltage swing, output 
current, open loop gain, slew rate, full power bandwidth, transient response, settling 
time, GBP, phase margin, noise voltage and current, and channel separation. 


Prototyping guidelines, thermal considerations and heat sinking, performance 
enhancements, applications (multi-channel security system, unbalanced coaxial driver, 
flash converter driver, programmable power supply, bridge load driver, high current 
stage, differential line driver, DC motor speed control). 


550 


Recommended Test 
Procedures for Operational 
Amplifiers 


Using the HA-2542 


Using the HA-5147/5137/ 
S127 


Construction and operation, low noise design applications (instrumentation amplifier 
bridge sensor, multiplexer, precision threshold detector, audio driver, NAB amplifier, 
multivibrator, programmable gain stage, log amp, professional mixer). 
Low noise design, operation, applications (Electronic scales, programmable attentuator, 
Baxandal circuit, RIAA amplifier, NAB preamplifier, microphone amplifier, standard and 
simple biquads, professional mixer. 
Thermal management equations and curves indicating areas of Voyy and Ioyrt for safe 
operation. Also, the effects of packaging and heat sinking are examined. 


Low Noise Family 
HA-5101/5102/5104/5112/ 
5114 


Thermal Safe-Operating- 
Areas for High Current Op 
Amps 


5337 RF amplifiers in the HF and VHF ranges. 


6459 Why and how to use the BIMOS op amp. 
6472 A chrominance demodulator IC with dynamic flesh correction. 


6668 What is an Operational Transconductance Amplifier (OTA)? Circuit description plus 
numerous application examples. 


8636 | Video Devices Discusses advanced video speed switches, multiplexers, cross points and buffer 
amplifiers. 


8707 Single chip video line driver-high speed op amp. 
a7 Syne Generator 
8811 BiMOS-E process enhances quad op amp. 


Using the HFA1100, Uses for the HFA11XX Evaluation Board, and performance examples. 
HFA1130 Evaluation 
Fixture 
HA5020 Operational Discusses a method for calculating the optimum feedback resistor value when using a 
current feedback amplifier at closed loop gains grater than 1. 


Amplifier Feedback 
Resistor Selection 


Circuit Considerations In | Discusses the analog input section of an image processing system. Presents video 
Imaging Applications formats, analog circuit design considerations, etc. 


Description, use of, and applications for the HFA5250 and HFA5251. 


NOTE: Bold type indicates Appnote is included in this data book. 
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Application Note Abstracts 


| AN # TITLE ABSTRACT 


RF Amplifier Design Using | Sample RF amplifier designs including layout techniques and performance results. 
HFA3046/3096/3127/3128 


Transistor Arrays 
Micropower Clock Using HA7210 in a control circuit to switch a battery powered digital system from sleep 
Oscillator and OP Amps | mode (ultra low power) to active when an external event (sound, pressure, etc.) is 


9317 


Provide System Control for | getected. 

Battery Operated Circuits 

Improving Start-up Time at | Techniques to speed up the oscillator start-up time when operating the HA7210 at low 
32kHz for the HA7210 Low power settings. 

Power Crystal Oscillator 


Feedback, Op Amps, and_| Basic feedback theory and op amp fundamentals. 

Compensation 

Current Feedback In depth analysis of Current feedback amplifiers. 

Amplifier Theory 

Oscillator Produces Using a quad op amp to implement an RC oscillator producing quadrature outputs. 
Quadrature Waves 

Low Output Impedance Amplifiers with output disable functions implement muxes to drive low impedance loads. 
MUX 


Video Cable Drivers Save | Limitations of long cables on video circuit performance, and use of novel video buffers 


Board Space, Increase to counteract cable limitations and save board space. 
Bandwidth 


9508 Implementation of a 4:1, cable driving, video mux using quad op amps featuring an 
Lower Signal Degradation | output disable function. 
Designers 
Formats 


Video Amp with Sync Use of the HFA1103 as a component video, sync stripping, amplifier. 
Stripper and DC Restore 

Multiplier Improves the Implementation of a time-gain amplifier using an analog multiplier. 
Dynamic Range of Echo 
Systems (HA-2556, 
HA-5177) 


Adjustable Bandpass or Describes an active filter with easily adjusted center frequency, symmetrical skirts, and 
Bandreject Filter (HA-2841) | 40dB of attenuation (band reject) or gain (band pass). 


Evaluation Programs for Discussion of standard PSPICE programs for evaluating op amp models. Programs are 
SPICE Op Amp Models given to simulate AC and transient responses as well as DC performance. 

HFA1212 Dual Video Buffer | Using a novel dual buffer to implement differential functions minimizes the number of 
Forms Differential Line external components required. 

Driver/Receiver 
900MHz Down Converter | Using the HFA3101 transistor array to implement a battery powered 9O0MHz down 
Consumes Little Power converter. 

(HFA3101) 
PSPICE Performs Op Amp | Using a simulator to perform a stability analysis makes a difficult task easier. 
Open Loop Stability 
Analysis 
Comparison of Current All op amp macro models aren’t equal. This Application Note compares models from 


Feedback Op Amp Spice | several vendors. 
Models 


High-Frequency VGA Has _ | Utilizing the HFA3102 to implement a Variable Gain amplifier with the HI5731 providing 
Digital Control digital gain control. 


Use and Application of Discussion of Input Limiting vs Output Limiting amplifiers. Description of output limiting 
Output Limiting Amplifiers | circuitry and resultant inaccuracies. Application examples: A/D input protection, 2ns Tp 


9507 


APP NOTES, 
SPICE MODEL LIST 


(HFA1115, HFA1130, Comparators, AM Modulator, Soft Clipping Circuit. 
HFA1135) 


TB334 | Guidelines for Soldering Discussion of the most common techniques for mounting SMDs to PC boards. 


Surface Mount 


Components to PC Boards 


NOTE: Bold type indicates Appnote is included in this data book. 


See pages i, ii for information on Ordering Literature 10-5 


SPICE Model Listing 
PART 


NUMBER DESCRIPTION DESCRIPTION 


CA3227 3.0GHz NPN Arrays (See Data Sheet for Model) HA-5004 | 100MHz Current Feedback Video Amplifier 
CA3246 3.0GHz NPN Arrays (See Data Sheet for Model) HA-5013 | Triple, 125MHz Current Feedback Video Amplifier 


HA-2500_ | Precision, High Slew Rate HA-5020 | 100MHz Current Feedback Video Amplifier with 
Output Disable Function 


HA-2502_ | Precision, High Slew Rate 

HA-5022 =| Dual, 125MHz Current Feedback Video Amplifier, 
HA-2510 | High Slew Rate with Output Disable Function 

HA-5023 =| Dual, 125MHz Current Feedback Video Amplifier 


HA-2512 |High Slew Rate 
HA-5024 | Quad, 125MHz Current Feedback Video Amplifier, 
with Output Disable Function 


HA-2520 | +3 Stable, High Slew Rate 
HA- 3 Stable, High Slew Rate 
divest HA-5025 | Quad, 125MHz Current Feedback Video Amplifier 
HA-5033 | Video Buffer 


HA-2539 | Very High Slew Rate, Wideband, +10 Stable 
HA-254 Wideband, Fast Settling, +10 Stable 
A- Wideband, Fast Settling, Unity Gain Stable 
HA-5104 | Quad, Low Noise, High Performance 


HA-2542 | Wideband, High Slew Rate, High Output Current, +2 
Stable 
HA-5112 | Dual, Low Noise, High Performance, +10 Stable 


HA-2544 | Precision, High Slew Rate, Unity Gain Stable 
HA-2548 | Precision, High Slew Rate, Wideband, +5 Stable HA-5114 | Quad, Low Noise, High Performance, +10 Stable 
HA-5127 |Low Noise, Precision, Unity Gain Stable 


HA-2839 | Very High Slew Rate, Wideband, +10 Stable 
HA-2840 | Very High Slew Rate, Wideband, +10 Stable HA-5222 | Dual, Low Noise, Wideband, Precision 
HFA1100* | 850MHz Current Feedback Amplifier 


HA-2841 Wideband, Fast Settling, Unity Gain Stable, Video 
HA-2842 | Wideband, High Slew Rate, High Drive, Video, +2 8GHz NPN, 5.5GHz PNP Arrays 
Stable 


HA-2850 | Low Power, High Slew Rate, Wideband, 
+10 Stable 
HA-5002 | Wideband, High Slew Rate Buffer 


PART 
NUMBER 


HFA3046, 
HFA3096, 
HFA3127, 
HFA3128 


* Macromodel is on disk but App Note does not exist. 
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Everything You Always Wanted To Know About The ICL8038 


Author: Bill O’Neil 


Introduction 


The 8038 is a function generator capable of producing sine, 
square, triangular, sawtooth and pulse waveforms (some at 
the same time). Since its introduction, marketing and appli- 
cation engineers have been manning the phones explaining 
the care and feeding of the 8038 to customers worldwide. 
This experience has enabled us to form articulate responses 
to the most frequently asked questions. So, with data sheet 
and breadboard in hand, read on and be enlightened. 


Question 1 


| want to sweep the frequency externally but can only get a 
range of 100:1 (or 50:1, or 10:1). Your data sheet says 
1000:1. How much sweep range can | expect? 


Answer 


Let’s look at what determines the output frequency. Start by 
examining the circuit schematic at pin 8 in the upper left hand 
corner. From pin 8 to pin 5 we have the emitter-base of NPN 
Q,; and the emitter-base of PNP Qo. Since these two diode 
drops cancel each other (approximately), the potential at pins 


8, 5, and 4 are the same. This means that the voltage from V+ 
to pin 8 is the same as the voltage across external resistors 
Ra and Rg. This is a textbook example of a voltage across 
two resistors which produce two currents to charge and dis- 
charge a capacitor between two fixed voltages. This is also a 
linear system. If the voltage across the resistors is dropped 
from 10V to 1V, the frequency will drop by 10:1. Changing 
from 1V to 0.1V will also change the frequency by 10:1. 
Therefore, by causing the voltage across the external resis- 
tors to change from say 10V to 10mV, the frequency can be 
made to vary at least 1000:1. There are, however, several fac- 
tors which make this large sweep range less than ideal. 


Question 2 


You say | can vary the voltage on pin 8 (FM sweep input) to 
get this large range, yet when | short pin 8 to V+ (pin 6), the 
ratio is only around 100:1. 


Answer 


This is often true. With pin 8 shorted to V+, a check on the 
potentials across the external Ra and Rp will show 100mV 
or more. This is due to the Veg mismatch between Q, and 
Qo (also Q; and Q3) because of the geometries and current 
levels involved. Therefore, to get smaller voltages across 
these resistors, pin 8 must be raised above V+. 


Copyright © Harris Corporation 1996 


Question 3 


How can | raise pin 8 above V+ without a separate power 
supply? 
Answer 


First of all, the voltage difference need only be a few hundred 
millivolts so there is no danger of damaging the 8038. One 
way to get this higher potential is to lower the supply voltage 
on the 8038 and external resistors. The simplest way to do 
this is to include a diode in series with pin 6 and resistors Ra 
and Rp. See Figure 1. This technique should increase the 
sweep range to 1000:1. 


FREQUENCY 
LOG POT 


DISTORTION 
100K 


0.0047 F 


D -15V 
FIGURE 1. VARIABLE AUDIO OSCILLATOR, 20Hz TO 20kHz 


Question 4 


O.K., now | can get a large frequency range, but | notice that 
the duty cycle and hence my distortion changes at the low- 
est frequencies. 


Answer 


This is caused partly by a slight difference in the Vers of Qo 
and Q3. In trying to manufacture two identical transistors, it is 
not uncommon to get Vee differences of several millivolts or 
more. In the standard 8038 connection with pins 7 and 8 con- 
nected together, there are several volts across Ra and Re and 
this small mismatch is negligible. However, in a swept mode 
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with the voltage at pin 8 near V+ and only tens of millivolts 
across Ra and Rp, the Vee mismatch causes a larger mis- 
match in charging currents, hence the duty cycle changes. For 
lowest distortion then, it is advisable to keep the minimum 
voltage across Ra and Rp around 100mV. This would of 
course, limit the frequency sweep range to around 100:1. 


Question 5 


| have a similar duty cycle problem when | use high values of 
Ra and Rp. What causes this? 


Answer 


There is another error term which becomes important at very 
low charge and discharge currents. This error current is the 
emitter current of Q7. The application note on the 8038 gives 
a complete circuit description, but it is sufficient to know that 
the current charging the capacitor is the current in Ra which 
flows down through diode Qg and into the external C. The 
discharge current is the current in Rg which flows down 
through diode Qg. Adding to the Qg current is the current of 
Qz which is only a few microamperes. Normally, this Q7 cur- 
rent is negligible, but with a small current in Rp, this current 
will cause a faster discharge than would be expected. This 
problem will also appear in sweep circuits when the voltage 
across the external resistors is small. 


Question 6 


How can | get the lowest distortion over the largest 
frequency sweep range. 


Answer 


First of all, use the largest supply voltage available (+15V or 
+30V is convenient). This will minimize Vpe mismatch prob- 
lems and allow a wide variation of voltage on pin 8. The 
potential on pin 8 may be swept from Vcc (and slightly 
higher) to 2/3 Voc +2V) where Vcc is the total voltage 
across the 8038. Specifically for +15V supplies (+30V), the 
voltage across the external resistors can be varied from OV 
to nearly 8V before clipping of the triangle waveform occurs. 


Second, keep the maximum currents relatively large (1mA or 
2mA) to minimize the error due to Q7. Higher currents could 
be used, but the small geometry transistors used in the 8038 
could give problems due to VcEsar) and bulk resistance, etc. 


Third, and this is important, use two separate resistors for Ra 
and Rep rather than one resistor with pins 4 and 5 connected 
together. This is because transistors Qo and Q3 form a differ- 
ential amplifier whose gain is determined by the impedance 
between pins 4 and 5 as well as the quiescent current. There 
are a number of implications in the differential amplifier con- 
nection (pins 4 and 5 shorted). The most obvious is that the 
gain determines the way the currents split between Qs and 
Q3. Therefore, any small offset or differential voltage will 
cause a marked imbalance in the charge and discharge cur- 
rents and hence the duty cycle. A more subtle result of this 
connection is the effective capacitance at pin 10. With pins 4 
and 5 connected together, the “Miller Effect” as well as the 
compound transistor connection of Q3 and Qs can produce 
several hundred picofarads at pin 10, seriously limiting the 
highest frequency of oscillation. The effective capacitance 
would have to be considered important in determining what 
value of external C would result in a particular frequency of 


oscillation. The single resistor connection is fine for very sim- 
ple circuits, but where performance is critical, the two sepa- — 
rate resistors for Ra and Rp are recommended. 


Finally, trimming the various pins for lowest distortion 
deserves some attention. With pins 7 and 8 connected 
together and the pot at pin 7 and 8 externally set at its maxi- 
mum, adjust the ratio of Ra and Re for 50% duty cycle. Then 
adjust a pot on pin 12 or both pins 1 and 12 depending on 
minimum distortion desired. After these trims have been 
made, set the voltage on pin 8 for the lowest frequency of 
interest. The principle error here is due to the excess current 
of Q7 causing a shift in the duty cycle. This can be partially 
compensated for by bleeding a small current away from pin 
5. The simplest way to do this is to connect a high value of 
resistance (10MQ to 20MQ) from pin 5 to V- to bring the duty 
cycle back to 50%. This should result in a reasonable com- 
promise between low distortion and large sweep range. 


Question 7 


This waveform generator is a piece of junk. The triangle wave 
is non-linear and has large glitches when it changes slope. 


Answer 


You're probably having trouble keeping the constant voltage 
across Ra and Rp really constant. The pulse output on pin 9 
puts a moderate load on both supplies as it switches current on 
and off. Changes in the supply reflect as variations in charging 
current, hence non-linearity. Decoupling both power supply pins 
to ground right at the device pins is a good idea. Also, pins 7 
and 8 are susceptible to picking up switching transients (this is 
especially true on printed circuit boards where pins 8 and 9 run 
side by side). Therefore, a capacitor (0.1,.F or more) from V+ to 
pin 8 is often advisable. In the case when the pulse output is not 
required, leave pin 9 open to be sure of minimizing transients. 


Question 8 


What is the best supply voltage to use for lowest frequency 
drift with temperature? 


Answer 


The 8038AM, 8038AC, 8038BM and 8038BC are all temper- 
ature drift tested at Vcc = +20V (or +10V). A curve in the 
lower right hand corner of Page 4 of the data sheet indicates 
frequency versus temperature at other supply voltages. It is 
important to connect pins 7 and 8 together. 


Question 9 


Why does connecting pin 7 to pin 8 give the best temperature 
performance? 


Answer 


There is a small temperature drift of the comparator thresh- 
olds in the 8038. To compensate for this, the voltage divider 
at pin 7 uses thin film resistors plus diffused resistors. The 
different temperature coefficients of these resistors causes 
the voltage at pins 7 and 8 to vary 0.5mV/°C to maintain 
overall low frequency drift at Voc = 20V. At higher supply 
voltages, e.g., +15V (+30V), the threshold drifts are smaller 
compared with the total supply voltage. In this case, an 
externally applied constant voltage at pin 8 will give reason- 
ably low frequency drift with temperature. 
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Question 10 


Your data sheet is very confusing about the phase relationship 
of the various waveforms. 


Answer 


Sorry about that! The thing to remember is that the triangle 
and sine wave must be in phase since one is derived from 
the other. A check on the way the circuit works shows that 
the pulse waveform on pin 9 will be high as the capacitor 
charges (positive slope on the triangle wave) and will be low 
during discharge (negative slope on the triangle wave). 


The latest data sheet corrects the photograph Figure 7 on Page 
5 of the data sheet. The 20% duty cycle square wave was 
inverted, i.e., should be 80% duty cycle. Also, on that page 
under “Waveform Timing” the related sentences should read 
“Ra controls the rising portion of the triangle and sine-wave and 
the 1 state of the square wave.” Also, “the falling portion of the 
triangle and sine wave and the 0 state of the square wave is:” 


Question 11 


Under Parameter Test Conditions on Page 3 of your 8038 
data sheet, the suggested value for Min and Max duty cycle 
adjust don’t seem to work. 


Answer 


The positive charging current is determined by Ra alone 
since the current from Rp is switched off. (See 8038 Applica- 
tion Note ANO12 for complete circuit description.) The nega- 
tive discharge current is the difference between the Ra 
current and twice the Rp current. Therefore, changing Rp 
will affect only the discharge time, while changing Rag will 
affect both charge and discharge times. For short negative 
going pulses (greater than 50% duty cycle) we can lower the 
value of Rp (e.g., Ra = 50kQ and Re = 1.6kQ). For short 
positive going pulses (duty cycles less than 50%) the limiting 
values are reached when the current in Ra is twice that in 
Rep (e.g., Rp = 50kQ2). This has been corrected on the latest 
data sheet. 


Question 12 


| need to switch the waveforms off and on. What’s a good 
way to strobe the 8038? 


Answer 


With a dual supply voltage (e.g., +15V) the external capaci- 
tor (pin 10) can be shorted to ground so that the sine wave 
and triangle wave always begin at a zero crossing point. 
Random switching has a 50/50 chance of starting on a posi- 
tive or negative slope. A simple AND gate using pin 9 will 
allow the strobe to act only on one slope or the other, see 
Figure 2. Using only a single supply, the capacitor (pin 10) 
can be switched either to V+ or ground to force the compara- 
tor to set in either the charge or discharge mode. The disad- 
vantage of this technique is that the beginning cycle of the 
next burst will be 30% longer than the normal cycle. 


Question 13 
How can | buffer the sine wave output without loading it down? 
Answer 


The simplest circuit is a simple op amp follower as shown in Fig- 
ure 3A. Another circuit shown in Figure 3B allows amplitude and 
offset controls without disturbing the 8038. Either circuit can be 
DC or AC coupled. For AC coupling the op amp non-inverting 
input must be returned to ground with a 100kQ resistor. 


Question 14 


Your 8038 data sheet implies that all waveforms can operate up 
to 1MHz. Is this true? 


Answer 


Unfortunately, only the square wave output is useful at that 
frequency. As can be seen from the curves on page 4 of the 
data sheet, distortion on the sine wave and linearity of the tri- 
angle wave fall off rapidly above 200kHz. 


Question 15 
Is it normal for this device to run hot to the touch? 
Answer 


Yes. The 8038 is essentially resistive. The power dissipation 
is then E°/R and at +15V, the device does run hot. Extensive 
life testing under this operating condition and maximum 
ambient temperature has verified the reliability of this prod- 
uct. 


Question 16 
How stable are the output amplitudes versus temperature? 
Answer 


The amplitude of the triangle waveform decreases slightly 
with temperature. The typical amplitude coefficient is 
-0.01%/°C, giving a drop of about 1% at 125°C. The sine 
output is less sensitive and decreases only about 0.6% at 
125°C. For the square wave output the VCE(SAT) goes from 
0.12V at 25°C to 0.17V at 125°C. Leakage current in the “1” 
state is less than a few nanoamperes even at 125°C and is 
usually negligible. 


0 +15V 
STROBE 
OFF 
“LIF +15V (>0V) 
-15V (< -10V) 


ON 
FIGURE 2. STROBE-TONE BURST GENERATOR 
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FIGURE 3A. FIGURE 3B. 
FIGURE 3. SINEWAVE OUTPUT BUFFER AMPLIFIERS 


Schematic Diagram 
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The ICL7650S: A New Era in 
Glitch-Free Chopper Stabilized Amplifiers 


Author: Peter Bradshaw 


Introduction 


Op Amps 


Historically, the biggest single problem with the application of 
op amps has been the input offset voltage. This is indicated 
by the fact that almost all important op amps from the pA741 
and LM101 on have offered offset null adjustment pins, spe- 
cial screening to low offset voltage values, and/or internal 
Vos trimming (laser or Zener-zap). Also consider the exten- 
sive series of specifications devoted to its variability with 
temperature, time, common-mode voltage (CMRR), power 
supply (PSRR), output voltage (Ayo,), and sometimes even 
down to variation of temperature drift with offset null correc- 
tion. Contrast this with the treatment afforded one other 
important (error-causing) input parameter, input bias current, 
which usually gets lust a specified value under one set of 
conditions, a variation over temperature, and a term relating 
to its matching between the two inputs. If variation with com- 
mon-mode voltage, power supply voltage, etc., is covered, it 
is generally only in a “typical curve” buried in the middle of 
the data sheet. 


The answers to this concern have been many and varied. 
Several modules use chopper stabilization to provide very 
low offset voltages, although most of these do not provide 
differential inputs and they also have problems with input 
frequencies near the chopping rate (see Intermodulation 
Effects). The devices are typically bulky and expensive, and 
the two-path approach frequently used (Figure 1) tends to 
adversely affect settling times; the high-speed path and the 


LOW 
PASS 
FILTER 


LOW 
PASS 
FILTER 


DEMODULATOR 
OSCILLATOR 


FIGURE 1. TYPICAL MODULE CHOPPER-STABILIZED 
AMPLIFIER 
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low-speed path will settle to different points unless the pole- 
zero pairs are extremely well matched. The only monolithic 
chopper-stabilized devices previously available are probably 
best described as disappointing and expensive. 


Therefore, considerable effort has been expended to 
improve the offset and drift characteristics of standard op 
amp devices, and some very good results have been 
achieved with several bipolar input devices, such as the OP- 
05 and OP-07. Careful die layout and circuit balance, in 
many cases combined with internal offset null trimming, 
bring initial offset voltages under 100uV, and temperature 
drifts below 0.5uV/°C. Although this is over an order of 
magnitude better than a good grade of pA741 or LM101A, 
there is still much room for, but little realistic hope of, sub- 
stantial further improvement in this direction. In addition, the 
requisite screening of parts is expensive, even with currently 
available levels of automation. 


Technology 


In the last few years, a new technology, in the shape of 
CMOS, has entered the analog field, and has led to the 
introduction of a range of products previously only dreamed 
of. Most spectacular, perhaps, has been its rapid dominance 
of the A/D and D/A converter market (Figures 2 and 3). 
Today very few converter systems are being designed that 
don't use CMOS devices specifically intended for this 
purpose, and in most cases they provide virtually the whole 
function. More recently, CMOS technology has moved into 
the more traditional building blocks of analog circuits, so that 
now CMOS versions of the standard bipolar op amps, 
regulators, and timers are available, with comparable or 
better specifications, lower power dissipation, and close to 
competitive pricing (Figures 4-6). However, although these 
devices have solved many traditional op amp problems. 
input offset voltage and low frequency noise voltage were 
not among them. Using the op amp and analog switch 
capabilities of this CMOS technology, Intersil introduced in 
early 1979 a new approach to the low offset voltage 
requirement, the Commutating Auto-Zero or Caz amp, 
shown in Figure 7. 
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DISPLAY 


INTERSIL IN 
9V 
FIGURE 2. LCD DIGITAL PANEL METER USING THE ICL7136 CMOS A/D CONVERTER 
10kQ 10kQ 10kQ 10kQ 
Vrer IN © 
(17) 
(3) 
SPOT ¥ 
NMOS © Iouta(2) 
SWITCHES 0 lour1(1) 
é © Reeepsack (18) 


MSB BIT2 BIT3 eee 
(4) (5) (6) 


(SWITCHES SHOWN FOR DIGITAL INPUTS “HIGH”) 
FIGURE 3. CMOS D/A CONVERTER FUNCTIONAL DIAGRAM (AD7541) 
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OUTPUT 
Se 
OFFSET 
V+ 
Ry 
+INPUT 
OUTPUT 
Cc 
V- 33PF 
V+ 
Ro 
-INPUT 
V- 
V+c V- 
R3 
Ig/COMP 
FIGURE 4. CMOS OP AMP SCHEMATIC (ICL7611 FAMILY) 
AP BOB : 
THRESHOLD o——{ ie : 
CONTROL OUTPUT 
VOLTAGE * 
TRIGGER @ 


9 DISCHARGE 
FIGURE 5. ICM7555/7556 CMOS SINGLE AND DUAL TIMERS 
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9 VouTi 
9 VouT2 


< ; © SENSE 
A 0 Vset 
> : 


+ 
= 
z 
o 
7 
Le 


2 Vic 
. (|L REF 
: 6 SHUTDOWN 
|_| haar 
FIGURE 6. FUNCTIONAL DIAGRAM OF THE ICL7663 CMOS 
REGULATOR 
Cy 


+INPUT 


OUTPUT 


-INPUT 


C2 
Cy 


+INPUT 


OUTPUT 


-INPUT 


C2 

FIGURE 7. ICL76001ICL7601 COMMUTATING AUTO-ZERO 
(Caz) OPERATIONAL AMPLIFIER SHOWING TWO- 
CYCLE OPERATION 


These devices at once became the best monolithic 
amplifiers available in terms of offset voltage (at 5uV) and 
time and temperature drift. They utilize two internal op amps, 
one active while the other auto-zeroes itself into an external 
capacitor. Upon commutation, the roles change and the 
active op amp uses its capacitor to cancel its offset. Two 
capacitors are needed, but the values and characteristics 
are not critical. Although offering three orders of magnitude 
improvement over the input characteristics of the A741/ 
LM101A type, and nearly two orders of magnitude over the 
best bipolar devices in offset and drift, the Caz principle has 
some disadvantages. The input current does not exploit the 
CMOS capability fully, and there is appreciable spiking at 
both the input and output (Figure 8). This can be largely 
removed by filtering, but that limits the available bandwidth. 


VIN 


Vout 


TIME —» 


FIGURE 8. OUTPUT SPIKES DUE TO COMMUTATING 
OPERATION 


Synthesis 


Intersil therefore decided to try to overcome all these 
problems by applying the capabilities of CMOS technology 
to the principle of the chopper-stabilized amplifier. The result 
is the ICL7850, whose Functional Diagram is shown in 
Figure 9. The use of a single full-time main amplifier avoids 
any output glitches, and input switching glitches are 
minimized by careful area- and charge-balancing on the 
network of input switches. The chopping operation is 
performed by means of a nulling amplifier, which shares one 
input with the main amplifier. The other input is switched 
alternately between the two main amplifier inputs (Figure 
10). When the inputs are shorted, its output drives a null 
point on itself, and when the inputs are across those of the 
main amplifier, it drives a null point on that amplifier. The two 
null points are the back-gates (often called “body 
connections”) on the mirror transistors of the input stage, 
and by bypassing these to the equivalent point on the other 
leg with external capacitors, a simple low-leakage automatic 
offset null arrangement is achieved. Full differential input 
Capability is retained, and the impedances on the two inputs 
are well balanced. The input stage legs are merged, as 
shown in Figure 11, to reduce the input noise and improve 
balance and high-frequency CMRR, etc. 
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EXT CLK IN V+ 


CLAMP ~ 


INPUTS 


INPUTS 


TO MAIN AMP 
2ND STAGE 


TO NULL AMP 
2ND STAGE 


FROM NULL AMP 
INTERMOD V- 
2ND STAGE 
CretN 
FIGURE 11. THREE-LEGGED INPUT STAGE (SIMPLIFIED) 


FIGURE 9. FUNCTIONAL DIAGRAM OF ICL7650S 


DIFFERENTIAL VOLTAGE GAIN 
Vip FOR 1V OUTPUT SWING 


MAIN 
AMPLIFIER 
UTPUT 


TO NULL AMPLIFIER 


FIGURE 12. GAIN ROLL-OFF AND INPUT VOLTAGE (MAIN 
AMPLIFIER ALONE WITHOUT NULL SYSTEM) VS 
FREQUENCY 


The circuit automatically provides correction (at DC) for CMRR, 
PSRR, and AVOL, to the same level as for VOS (typically under 
1mV), and the IB remains in the low pA area, set by the leakage 
of the input switches (also acting as protection diodes) and the 
small net charge injection. The latter is doubly-balanced both by 
careful device matching and by the excellent recovery of any 
residual injection, due to the equipotential nature of the inputs. 
The open-loop gainbandwidth product and the slew-rate are set 
purely by the main amplifier. The null system time constant is 
controlled by the effective gm to the output of the nulling ampli- 
fier and the external capacitors, and is readily controlled to be 
FIGURE 10. TWO PHASES OF NULLING OPERATION much longer than the chopping period. In addition, the “injec- 
tion” of the nulling signal into the first stage of the main amplifier 
ensures that the pole-zero match at this cross-over point is no 
problem. 
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FIGURE 10B. NULLING MAIN AMPLIFIER 
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Intermodulation Effects 


Two residual problems remain with the usual chopper- 
stabilized amplifier circuits. One of these is the 
intermodulation between applied signals and the chopping 
frequency, aS mentioned earlier. This arises because the 
main amplifier has finite gain near this frequency, and so 
develops a small differential input signal to sustain the 
requisite output (distinct from any DC offset voltage). This 
signal is, of course, at the signal frequency, and has an 
amplitude determined by the gain roll-off characteristics 
(Figure 12) and the signal amplitude, and will be seen by the 
nulling circuit as an error signal equivalent to an input offset 
voltage. This circuit will then attempt to null out the input 
signal during the active null time. If the difference in 
frequency between the signal and the chopping rate is large 
compared to the null circuit time constant, this attempt will 
essentially fail, since the proposed direction of change will 
vary between (or during) each null time in such a way to lead 
to little net resultant. On the other hand, if the signal and 
chopping frequencies are close together (in terms of the 
time constant), the null circuit will respond at the beat 
frequency, leading to two undesirable results. First, the gain 
and phase characteristics will be disturbed in the neighbor- 
hood of the chopping frequency, since the amplifier input 
signal will be partially reduced, with some delay. Second, the 
effective input will include a component at the beat 
frequency, not present in the true input. 


The ICL7850 minimizes this problem by the simple 


expedient of introducing a compensating dynamic offset 
voltage in the nulling amplifier. This is possible since, at the 
frequency range of interest, the AC signal that causes the 
problem is a function only of the compensation capacitor, the 
input stage g,,S, and the output signal amplitude. By adding 
another capacitor from the output signal of the main amplifier 
to the corresponding summing point in the nulling amplifier, 
with a value which is correctly scaled to allow for the ratio of 
the input stage g,,S, and connecting it only during the time 
when the main amplifier is being nulled, the nulling amplifier 
does not see the input-related signal at the main amplifier. 
Thus, no nulling signal is generated, and no beat frequency 
is generated. The required matching of the g,, and capacitor 
values is readily achieved, since they are all on a monolithic 
die, and the result is a device with virtually no interference 
between the normal operation of the main amplifier and the 
chopping action of the nulling amplifier. 


Overload Effects 


The second traditional problem with chopper-stabilized 
amplifiers relates to their behavior under overload. Once 
again the problem arises through the presence of an input 
signal on the main amplifier which is not due to the input 
offset voltage. In this case, the presence of a large signal in 
the system leads to the output running up against the supply 
rails. Under these conditions the amplifier no longer has 
control, and the voltage at its input becomes only a function 
of the feedback network, the input signal, and the output 
swing limit of the amplifier, as shown in Figure 13. The 
nulling amplifier, however, has no means of knowing that this 
is the problem, and will attempt to “rectify” it by driving the 


null network to remove this input signal. This effort cannot 
succeed, and in fact will increase the depth of overload. If 
this condition is maintained long enough (compared to the 
nulling time constant), the null circuit itself will also be driven 
to its limit. Thus, when the input signal returns to an inrange 
value, the input offset voltage will be skewed heavily to one 
side. If the nulling range of the amplifier exceeds the input 
signal range, frequently the case in the high-gain 
applications common for such devices, the output will remain 
stuck at the supply rail until the null circuit has almost 
recovered. Since the null amplifier driving signal may be 
quite small, recovery may take a long time. 


Several possible methods can be used to combat this effect. 
One is to detect the output limiting condition, and to stop the 
chopping operation during the time that this does (or can) 
occur. This has two disadvantages. It may not be possible to 
predict such overrange conditions, nor easy to detect their 
occurrence either. Further, even if this is done successfully, 
the nulling system will be unable to correct the inevitable loss 
of true null caused by leakage currents on the null points, 
etc. Thus, an extended overrange interval with the chopping 
stopped can leave the null badly disturbed, perhaps as much 
as when the chopping is active. Nevertheless, in situations 
where an overrange occurrence is predictable or readily 
detectable, and lasts only for a limited time, the technique is 
very useful. The ICL7650 facilitates this form of overload 
effect amelioration by providing an EXT CLK IN pin (in the 
14-pin versions), which can be held “low’, stopping the 
chopping action in a position where no capacitor charging 
can occur, and by allowing judicious use of the CLAMP pin 
(see below) as an overload detector. 


VIN 


Vsw 


_ Vswhy + VinR2 
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FIGURE 13. VOLTAGES IN INVERTING AMPLIFIER WITH OVER- 
LOAD INPUT 


Ro 


Vout 


TRADITIONAL 
CHOPPER 
AMP 


FIGURE 14. AVOIDING OVERLOAD WITH ZENER CLAMPS 


The other technique for avoiding the overload problem 
involves adding a nonlinear element to the feedback 
network, so that overrange inputs do not cause the output to 
limit against the supply rail. One possible way of doing this is 
to parallel the feedback element with a pair of Zener diodes 
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which conduct just before the limiting would occur, as shown 
in Figure 14 for the inverting configuration. The noninverting 
arrangement is similar, but only reduces the gain to unity 
after the Zeners conduct. One disadvantage with this circuit 
is that the Zener voltage is quite critical, especially if the 
supply voltage variation is significant and the maximum 
allowable swing is desired. The ICL7850 avoids both of 
these problems by providing a CLAMP pin which will conduct 
current in the appropriate direction whenever the output 
voltage gets within a few hundred mV of either supply. The 
internal schematic is indicated in Figure 15A, and the output 
current characteristics as a function of the voltage margin to 
the supply rails in Figure 15B. The leakage currents due to 
the small N and P channel MOSFETs are negligible, and 
they can only be turned on if their common sources, tied to 
the output, get close to the relevant rail. If this pin is tied to 
the inverting input to the amplifier, and the impedance at this 
point is adequate, the desired limiting is readily achieved, 
with no disturbance to the null network, and usually 
negligible effect on the input bias current. The only penalties 
paid for this overload protection are a slight limitation on the 
output swing, and an increase in the input current on the 
inverting input when the output swings close to the rail. Also, 
the input circuit is not quite so easily guarded on a PC board 
if the CLAMP pin is used. 


Device Characteristics 


The net result, then, of all this technical wizardry is an op 
amp with quite remarkable characteristics. The input error- 
related parameters are unprecedented in a monolithic 
device, and rare indeed against all competitors, with a Vos 
of under 5yV (typically under 1V) and an input bias current 
of no more than 10pA. The Vos value is maintained over the 
full range of the power supply, input common-mode, output 
swing, and temperature ranges. In other words the PSRR, 
CMRR, Avyo,, and dVos/dT or drift are all virtually unmea- 
surable, and well over 120dB, 120dB, 140dB, and under 
10nV/°C, respectively. The long-term drift, which we can 
consider to be very low frequency noise (as indeed it is from 
a device physics point of view), is also undetectable. 


The other device characteristics also compare favorably with 
those of the 1A741 and LM101 type. The Gain-Bandwidth 
product and slew rate are both about 3 times higher, at 
2MHz and 2.5V/us respectively, the supply current is about 
the same, at 2mA (3.5mA Max), the stability margin is simi- 
lar, and the output swings between the supply rails. The only 
significant limitations on its use are the reduced supply volt- 
age range (+8V Max) and the 10kQ load limitation. These 
are becoming less important with the growth of +5V analog 
systems, and also can be readily side-stepped, as shown in 
the Applications section below. 


And to cap it all, this paragon of op amp virtue is a moder- 
ate-sized monolithic die made with a high-yielding mature 
low-cost process, so the device cost is quite low. 
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FIGURE 15B. CONDUCTION CHARACTERISTICS 
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Applications 


So much has been written about op amp applications over 
the last few decades that there is little point in trying to 
reproduce it all, even with revised specifications and 
capabilities. The most important point to be appreciated is 
that in any application where the performance of the circuit 
can be significantly enhanced by a reduction of input offset 
voltage and/or bias current, the ICL7650S can be put right to 
work. Further, any circuit using a null-trimming pot is an 
immediate candidate for replacement, since the cost of 
purchase, insertion, initial adjustment, and especially 
periodic readjustment will generally be greater than the initial 
small premium for this device and two capacitors. Otherwise, 
the finite space available here will be used to present the 
particulars of this substitution as germane to the ICL7650S, 
followed by the details of some circuits that utilize the spe- 
cific capabilities of the part particularly well, and some com- 


binations with other devices that concatenate their 
respective features. 
The normal substitution requires nothing but the 


replacement of any null trim pot with two required capacitors. 
In the case of the 14-pin devices, the pinout corresponds to 
that of the LM108 type device, so substitution of the 
ICL7650S for a (rare) 14-pin LM101/A, LM107, nA741, OP- 
05/OP-07, or any similar part, can be done most readily with 
the 8-pin version. The alternative involves a minor PC board 
change. If good overload recovery is a requirement for the 
application, the connections to the CLAMP pin (see Over- 
load Effects) should be made according to the basic configu- 
rations of Figure 16. The impedance at the point of 
attachment needs to be high enough, at least at DC, to per- 
mit the worst case input signal to be accommodated within 
the capability of the CLAMP pin output current, according to 
the curve of Figure 15B. Usually this is easily managed in 
the case of the inverting configuration, but in the non-invert- 
ing case, some additional input clamping may be necessary. 
Some alternatives for doing this are shown in Figure 17. 


One frequent use of an op amp is as a comparator. This 
cannot be done with the usual chopper amplifiers because of 
their terrible behavior under overload conditions, the normal 
operating mode for an op amp so used (see Overload 
Effects). However, the optional overload avoidance feature 
built-in to the ICL7650 allows its use in many of these 
applications, as shown in Figure 18. The current from the 
CLAMP pin forces the inverting input to follow the signal input 
(within the output swing and input common-mode ranges), 
and the transfer characteristic is essentially a reflection of the 
characteristic of Figure 15B. The comparison voltage must be 
capable of absorbing the CLAMP pin current without distress 
to itself or other parts of the system. Only one polarity of com- 
parison is possible with a high input impedance, but if a low 
impedance drive input is available, the roles can be reversed 
to achieve the other polarity. The speed of the circuit is limited 
to input ramp rates under 100V/s for the most accurate perfor- 
mance, but above this rate the timing errors of most compara- 
tors exceed their input offset errors in any case. 


INPUT 


Cc 
ICL7650S ieee 


R3 
Ry 
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FIGURE 16A. NON-INVERTING AMPLIFIER 
Ro 
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FIGURE 16B. INVERTING AMPLIFIER 


FIGURE 16. NON-INVERTING AND INVERTING 
CONFIGURATIONS WITH (OPTIONAL) CLAMP 
CIRCUIT CONNECTION 


FIGURE 17. SOME OTHER CLAMPING CONFIGURATIONS FOR 
NON-INVERTING AMPLIFIERS 
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the ICL7650). This is less than the errors associated with 

standard thermocouples themselves. Naturally, to realize 

this performance, all the other little thermocouples between 

the leads, the PC board, any IC socket, and the other com- 

. ponents, etc., will have to be carefully handled. This topic is 
aid discussed in Achieving the Full Benefits. 


0.1uF 0.1F 


200kQ2 TO 2MQ 


FIGURE 18. LOW OFFSET COMPARATOR 


The usual instrumentation amplifier configurations work 

extremely well with the ICL7650. The standard three op amp : 
configuration (Figure 19) has unbeatable CMRR, a function i 

only of the resistors in practice. With a differential input A/D vv OUT 
converter, such as the Intersil |CL71X6, 71X7, 7109 or 7135, 
just two ICL7650S will maintain high differential gain without 
any common-mode gain, ideal for pre-amplification of v9 y 
signals from such bridge-type transducers as strain gauges, 1 
etc. The arrangement is shown in Figure 20. This also works : 
well with thermocouples whose shielding is grounded at the 

sensing end, especially in a noisy environment. Note that the 

offset and drift of the ICL7650 will contribute less than 1°C IN 

initial error and less than 0.2°C drift error to an absolute - 
Platinum - Platinum/Rhodium Type S thermocouple between 0.1uF 0.1,F 

0°C and 1750°C, or to a Type B thermocouple between 


ie) Oo i 
500°C and 1820°C (over the operating temperature range of FIGURE 19. 3 OP AMP INSTRUMENTATION AMPLIFIER 
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FIGURE 20. 2 OP AMP DIFFERENTIAL PREAMP FOR ICL7106/7/9 FAMILIES 
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Conventional logarithmic amplifiers have very high dynamic 
ranges in the current input mode, but in the voltage input 
mode they end up severely limited by errors associated with 
the input offset voltage of the input op amp. Two methods are 
available to combat this problem with the ICL7650. The device 
itself may be used as the main amplifier, as suggested in Fig- 
ure 21. This will give a wide dynamic range of close to 6 
decades. However, this arrangement lacks the built-in temper- 
ature compensation and scale factor adjustment of such 
monolithic log amps as the Intersil ICL8046. These can be 
combined with the same dynamic range enhancement by 
using the ICL7650 to offset null an |CL8048, as shown in Fig- 
ure 22. The time constant of the nulling network needs to be 
high enough to avoid loop stability problems. The input current 
of the system will not be degraded by this configuration, so 6 
decades of dynamic range will be available in both voltage 
and current input modes. 


1/2 11120 


Vout 
FIGURE 21. BASIC LOG AMPLIFIER 


Although the overall performance of the ICL7650 is 
unprecedented, there are some parameters for which other 
devices remain better, and it does have some limitations. We 
have already mentioned the supply voltage limitation, for 
which the promised circumvention appears in Figure 23. The 
two JFETs have Ipss values well above the supply current 
requirement of the ICL7650S, and so operate close to 
“pinch-off”. These “pinch-off” voltages constitute the supply 
voltages to the ICL7650S, and must meet the specifications 
required, readily done with the parts listed. By bootstrapping 
the JFET gates to the output, a follower circuit whose input 
and output can span the full supply range can be 
constructed. High voltage JFETs would permit even higher 
supply voltages. A small amount of high-frequency roll-off is 
usually needed in the boot-strap to prevent RF instability. 


+15V 


10k22 


ITE4091 aviv @ vit 4 


| 
= 


-15V 


— 
FIGURE 22. OPERATING WITH +15V SUPPLIES 


The output drive limitations may be readily overcome by 
buffering the ICL7650S with a device such as the yA741, 
after the fashion of Figure 24. This has the additional advan- 
tage of reducing the dissipation in the ICL7650S due to the 
load, and the thermal effects associated therewith (see 
Achieving the Full Benefits). These two circuits may be 
amalgamated in several ways to combine higher voltage 
operation with heavy load driving capability, such as those 
shown in Figure 25. One or more of these can be used to 
construct a configuration that will act correctly in any invert- 
ing or noninverting application, for any gain required. These 
circuits can be used to substitute for virtually any chopper- 
stabilized module, and most other standard op amps also, 
with a substantial improvement in input parameters and no 
loss in output characteristics. 


IN+ + 
CLAMP 


ICL7650S 


OUT 


FIGURE 23. USING 741 TO BOOST OUTPUT DRIVE 
CAPABILITY 
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FIGURE 24. ICL8048 OFFSET NULLED BY ICL7650S 


The high slew-rate and/or bandwidth of devices such as the 
HA2500/10/20 and the HA2600/20 families is not, of course, 
preserved by the arrangements of Figure 25. For these types 
of devices, the concept used in Figure 22 is preferable. Figure 
26 shows two methods of doing this for several high speed 
devices, and Table 1 gives suitable component values. Note 
that although the input offset voltage is that of the ICL7650S, 
the input current will generally be dominated by that of the 
other device. Also, no protection is provided against overload, 
and intermodulation is back (see Intermodulation Effects and 
Overload Effects). These three can be reduced or eliminated 
by extra complexity in the circuits, at the expense of further 
loss in generality. Figure 27 shows one method of balancing 
out the intermodulation terms, and a similar clamp circuit to 
that of the ICL7650S added externally. 


A similar combination of the exceptional low noise 
performance of the OP-05 (and OP-07) with the ICL7650S is 
also possible, and incidentally gives the lowest available 
overall noise performance in any bandwidth from true DC to 
any other frequency of use with op amps. In this case, the 
roll-off in the external nulling network should be low enough 
in frequency to ensure that the cross-over between the two 
devices does not degrade the performance in the bandwidth 
of concern. The schematic, in Figure 28, is otherwise the 
same as that of Figure 26, and Table 1 includes the values 
for this circuit also. Many other combination circuits have 
been published in the literature, and the ICL7650S can be 
used to advantage in the majority of them. 


TABLE 1. 


WORST FAMILY 
Voge (mV) 


LOWEST 
SUPPLY 


DEVICE FAMILY 


pA741 


LM101 


OVER TEMP. 


NOTES: 
1. LF 155, 155, 157 require 12K resistors from pin 1 and 5 to V+, in addition to the resistors mentioned above. 
2. ICL7650 supplies are +8V Max; HA2500 is not specified, but will work, with supplies under +10V. 

3. Unspecified; Value inferred from other data. 


FIGURE 26A CIRCUIT FIGURE 26B CIRCUIT 
t 2 
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+15V 


ITE4091 


FIGURE 25A. 
Ry 
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FIGURE 25B. 


ITE4091 


FIGURE 25C. 


FIGURE 25. SEVERAL HIGH VOLTAGE-HIGH LOAD 
COMBINATION CIRCUITS 


Achieving the Full Benefits 


The ICL7650S brings a new level of accuracy to the analog 
world, and in doing so exposes a new set of problems and 
difficulties in the environment of the typical op amp, 
previously masked by device errors. The standard care 
taken with ground loops is even more necessary here, and 
the prevention of PC board leakage is also more important. 
The pinout on the 14-pin device has been arranged so as to 
allow easy guarding of the input pins, and the same can be 
done on the TO-99 device by using a 10-pin outline mount- 
ing configuration, as shown in Figure 29. If the CLAMP pin is 
being used, the configurations of Figure 30 may be found 
more useful. Careful cleaning with TCE or alcohol, followed 
by a compressed air blow-dry, is advisable, and an epoxy or 
silicone rubber coating will prevent subsequent contamina- 
tion. Careful use of Teflon® or similar standoffs may be 
helpful in stubborn cases of PC board troubles. 


The impedances of the driving nodes for the offset null 
storage capacitors are quite high, as explained above, and 
care should be taken in the PC board layout to avoid 
coupling stray signals into these points. A pseudo guard ring 
tied to V- could be applied in exceptionally difficult cases. 
The CAP RETN pin (14-pin parts only) is somewhat less 
sensitive, but should be treated with respect also. 


Some consideration should be given to the capacitors 
themselves. On initial turn-on, and also if radical changes in 
common-mode or power supply voltages occur, the voltages 
on these capacitors must change to the (new) desired 
values. A capacitor with high dielectric absorption, such as a 
ceramic type, will absorb back part of the change in charge 
during the respective holding time during several clock 
cycles, or even for many seconds, leading to a significant 
initial (or recovery) settling time. If either of these is critical, a 
polypropylene capacitor should be used, although in many 
cases a mylar or similar film capacitor would be adequate. 
Another disadvantage of ceramic capacitors is that they 
frequently generate a significant amount of 1/f or “flicker” 
noise, which will be fed into the system through the null pins. 
For this reason, it is recommended that a film type capacitor 
be used. even though any low-leakage capacitor will “work”. 


The ultimate limitations to any high accuracy DC amplifier 
are the thermo-electric or Peltier effects in all the 
thermocouple junctions between dissimilar materials. The 
junctions of concern to us here are those between the silicon 
(N- or P- type) and the aluminum metallization on the die, 
the aluminum to bond-wire and bond-wire to header post or 
lead frame, and the post/lead to PC board junctions. If all 
these are at the same temperature, then no problems will 
arise, since an equal number of identical junctions are inter- 
posed on the return path. The power dissipation within the 
IC die is inherently low, and most applications will not add 
very much to that, so we can consider the die temperature to 
be fairly uniform. Thus, the thermocouples out to the bond- 
wires can be neglected unless a heavy load resistance is 
applied. The same is reasonably true for the bond-wire to 
post/lead junction. However, the post/lead to PC board junc- 
tion can be a serious problem. The thermo-electric coeffi- 
cient of the usual Kovar-copper junction present here is of 
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the order of 30uV/°C, and the thermal contact between the 
individual junctions is not very good. A temperature gradient 
of as little as 0.1°C/inch will lead to an error as large as the 
typical offset voltage of the ICL7650S! A point-source (power 
transistor, say) with a 10°C temperature rise must be kept 5 
to 6 inches away, and a similar line-source would need to be 
many feet away. Even air currents from a standard forced-air 
heating system can cause gradients approaching this level. 
Similar effects can occur with other circuit elements, 
although generally their lead materials have lower thermo- 
electric coefficients. 


The cure for these potential problems lies in exercising care 
in both the circuit design and the board layout. The power 
dissipation in the ICL7650S should be kept low (use the 
circuits of Figures 24-26 for load driving if needed), and 
power-dissipating components should be kept well away. A 
cooling fan or blower is undesirable unless an enclosure is 
used around the op amp and its associated components. 
and in any case the air flow should not pass over this area 
after a power-dissipating area. Low thermo-electric 
coefficient connections should be used wherever possible, 
and in all cases the PC board layout should emphasize 
thermal balance in loop paths. 


An example of care in the electrical and thermal layout of a 
board, and appropriate choice of components to 
complement the performance of the ICL7650 may be found 
in the ICL7650SEV/Kit, an evaluation kit that includes a test 
board which can be used to measure most of the critical 
parameters of the device, and to simulate various possible 
applications. The kit includes all the necessary passive and 
active components to build the circuits of Figures 23 - 25 
also, so that they may be substituted for another device in an 
operating system for checkout. 


Summary 


The ICL7650S represents a significant step-function in op 
amp performance (one that should not have occurred until 
1990, according to one recent Wescon presentation). The 
design brings chopper-stabilized performance to a new level 
of availability, while making it virtually transparent to the 
user. Although it is too early to predict the demise of the 
trimming potentiometer industry, nevertheless this device 
and its successors can be expected to replace the need for 
many of them and their periodic re-adjustment, frequently 
without increasing the initial cost, and certainly with 
favorable lifetime cost benefits. The combination circuits 
suggested here allow an even closer approach to the 
“perfect op amp” than has ever been available before, and at 
remarkably low cost. 


One side-effect of the remarkable performance potential of 
the ICL7650S is that several subtle error-causing effects that 
have previously been largely masked by the inherent errors 
of the available op amps, are now uncovered. Great care 
must be exercised to achieve the full performance benefits 
the device can offer. These caveats do not, of course, apply 
in cases where a simple replacement of a less accurate or 
less stable device is contemplated. The high degree of 
“user-transparency” achieved in the chopping operation 


promises a minimum of applications problems, borne out by 
the rapid acceptance of the device in a wide range of 
applications. 


The author would like to acknowledge the design efforts of 
Lee Evans and Dane Snow in turning the concept of the 
device into such a magnificent reality, and Andy Wolff for 
refining, expanding, and testing many of the circuit 
application ideas presented here. An additional acknowledg- 
ment should go to Bob Darling of Rutgers University for the 
basic concept of Figure 23. A list of relevant application 
notes and article reprints that may be found helpful in 
pursuing the ideas opened up in this one follows: 


A007 “Using the ICL8046/8049 Monolithic Log-Antilog 
Amplifier’, by Ray Hendry. 

A018 “Do's and Don'ts of Applying A/D Converters”, by 
Peter Bradshaw and Skip Osgood. 

A020 “A Cookbook Approach to High Speed Data Acquisi- 
tion and Microprocessor Interfacing”, by Ed Sliger. 

R017 “CMOS Chopper Op Amp Does Away with 


Glitches”, by Peter Bradshaw, Electronic Design, 
August 2, 1980. 


HA2500/10/20 
HA2600/20 
OR SIMILAR 


IN+ 
OUT 
HA2500/10/20 


HA2600/20 
OR SIMILAR 


FIGURE 26B. 
FIGURE 26. HA2500 OR HA2600 OFFSET NULLED BY 
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FIGURE 27. NULLED HA2500 WITH DYNAMIC CORRENTION 


AND OVERLOAD CLAMP 


oV- 
+3V TO +8V 


1.2MQ 


FIGURE 28. AUTO-NULLING CIRCUIT FOR OP-05/OP-07 
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FIGURE 29A. 14-PIN PART 
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BOTTOM VIEW 
FIGURE 29B. TO-99 PACKAGE 


FIGURE 29. BOARD LAYOUTS FOR INPUT GUARDING 
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FIGURE 30A. NON-INVERTING AMPLIFIER WITH CLAMP 


EXTERNAL 
_— CAPACITORS 
1 


INPUT 


OUTPUT 


GND 


TO EXTERNAL 
CAPACITORS 


FIGURE 30B. INVERTING AMPLIFIER WITH CLAMP 
FIGURE 30. INPUT GUARDING WITH CLAMP PIN 
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The HA-2400 PRAM Four 
Channel Operational Amplifier 


Author: Don Jones 


Introduction 


Harris Semiconductor has announced a new linear device, 
the HA-2400/HA-2405 Four Channel Operational Amplifier. 
This combines the functions of an analog switch and a high 
performance operational amplifier, and makes practical a 
large number of new linear circuit applications. 


V+ V- GND COMP 
r----0--0-0 


NP 
! DIFFERENTIAL 
! PREAMPLIFIERS 


Do Dy, 
DIGITAL INPUTS 
FIGURE 1. 


ENABLE 


A functional diagram of the HA-2400 is shown above. There 
are four preamplifier sections, one of which is selected 
through the DTL/TTL compatible inputs and connected to 
the output amplifier. The selected analog input terminals and 
the output terminal form a high performance operational 
amplifier. 


In actuality, the circuit consists of four conventional op amp 
input circuits connected in parallel to a conventional op amp 
output circuit. The decode/control circuitry furnishes 
operating current only to the selected input section. 


Circuit Connections 


The digital inputs control the selection of the amplifier input 
channels in accordance with the following truth table: 
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CHANNEL | CHANNEL | CHANNEL | CHANNEL 
ENABLE 1 2 3 4 


pete {| H | On | ofr | of | OFF 


OV <L<+0.8V +2V <H< +5V 


The digital inputs can be driven with any DTL or TTL circuit 
which uses a standard +5V supply. 


Compensation 


Frequency compensation for closed loop stability is 
recommended for closed loop gains less than 10. This is 
accomplished by connection of a single external capacitor 
from Pin 12 to AC ground (the V+ supply is recommended). 
The following table shows the minimum suggested 
compensation for various closed loop gains, with the 
resultant bandwidth and slew rate. Obviously, when the four 
channels are connected with different feedback networks, 
the channel with the lowest closed loop gain will govern the 
required compensation. 


BAND- 
WIDTH 
(TYPICAL) 


GAIN, V/V 
SLEW 
RATE 
NON- (TYPICAL) 
INVERTING 
1 


INVERTING 


as 


Vv 
—_ 
oO 


Compensation capacitors of greater value can be used to 
obtain lower bandwidth, greater phase margin, and reduced 
overshoot, at the expense of proportionately reduced slew 
rate. 


External lead-lag networks could also be used to optimize 
bandwidth and/or slew rate at a particular gain. 
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Applications 


Any circuit function which can be constructed using a 
conventional operational amplifier can also be constructed 
using any channel of the HA-2400. Similar or different 
networks can be wired from the output to each channel input 
pair. The device can therefore be used to select and 
condition different input signals, or to select between 
different op amp functions to be performed on a single input 
signal. 


To wire a particular op amp function to a channel, simply 
connect the appropriate network between the two inputs for 
that channel and the common output in the same manner as 
in wiring a conventional op amp. It is often possible to design 
with fewer external components than would be required in 
wiring four separate op amps (see Application Numbers 2 
and 3 on the following pages). It should be remembered that 
the networks for unselected channels may still constitute a 
load at the amplifier output and the signal input, as if the 
unselected input terminals were disconnected from the 
network. 


If offset adjustment is required, it can generally be 
accomplished by resistive summation at either of the inputs 
for each channel (see Application Number 8). 


The analog input terminals of the OFF channels draw the 
same bias current as the ON inputs. The maximum 
differential input voltage of these terminals must be 
observed and their voltage levels must never exceed the 
supply voltages. 


When the Enable input is held low, all four input channels are 
disconnected from the output. When this occurs, the output 
voltage will generally slowly drift towards the negative 
supply. If a OV output condition is required, one channel 
should be wired as a voltage follower with its positive input 
grounded. 


The amplifier output impedance remains low, even when the 
inputs are disabled; so it is not generally practical to wire the 
outputs of two or more devices directly together. The 
compensation pins of two devices, however, could be wired 
together to produce a switch with one output and more than 
four input channels. 


The voltage at the compensation pin is about 0.7V more 
positive than the output signal, but has a very high source 
impedance. Maximum current from this pin is about 300A, 
which makes it a convenient point for limiting the output 
swing through clamping diodes and divider networks (see 
Application Number 13). 


Even if the application only requires a single channel to be 
switched on and off, it is often more economical to use the 
HA-2400, rather than a separate analog switch and high 
performance op amp. Unused analog channel inputs should 
be grounded. Unused digital inputs may be wired to ground 
for a permanent “low” input, or either left open or wired to 
+5V for a permanent “high” input. 


The circuits illustrated on the following pages are a few of the 
thousands of possible applications for the Four Channel 
Operational Amplifier. These will give the reader a general 
impression of how the units can be connected; and probably 
will help generate many other ideas for applications. Also 
included are some “challenges” for the reader to modify the 
illustrated designs to perform different functions. 


Application No. 1 


IN3 ¢ DECODE/ 


CONTROL DIGITAL 


CHANNEL 
SELECT 
IN4 ¢ 


IN1 ¢ 


IN2 © 


FIGURE 2. ANALOG MULTIPLEXER WITH BUFFERED INPUT 
AND OUTPUT 


This circuit is used for analog signal selection or time 
division multiplexing. As shown, the feedback signal places 
the selected amplifier channel in a voltage follower (non- 
inverting unity gain) configuration, and provides very high 
input impedance and low output impedance. The single 
package replaces four input buffer amplifiers, four analog 
switches with decoding, and one output buffer amplifier. 


For low level input signals, gain can be added to one or more 
channels by connecting the (-) inputs to a voltage divider 
between output and ground. Bandwidth is approximately 
8MHz, and the output will slew from one level to another at 
about 15V/us. 


Expansion to multiplex 5 to 12 channels can be accom- 
plished by connecting the compensation pins of two or three 
devices together, and using the output of only one of the 
devices. The Enable input on the unselected devices must 
be low. 


Expansion to 16 or more channels is accomplished in a 
straightforward manner by connecting outputs of 4 four- 
channel multiplexers to the inputs of another four-channel 
multiplexer. 


Differential signals can be handled by two identical multiplex- 
ers addressed in parallel. 


Inverting amplifier configurations can also be used, but the 
feedback resistors may cause crosstalk from the output to 
unselected inputs. 
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Application No. 2 
INPUT en, —_.a -*) 


DECODE/ 
CONTROL Dy 


DIGITAL 
CONTROL 


FIGURE 3. AMPLIFIER, NON-INVERTING PROGRAMMABLE 
GAIN 


This is a non-inverting amplifier configuration with feedback 
resistors chosen to produce a gain of 0, 1, 2, 4, or 8 
depending on the Digital Control inputs. 


Comparators at the output could be used for automatic gain 
selection for auto-ranging meters, etc. 


CHALLENGE: Design a circuit using only two HA-2400s 

which can be programmed to any of 16 different gains. 

Application No. 3 
INPUT 


ee) 


DECODE/ 
> CONTROL Dy 


DIGITAL 


FIGURE 4. AMPLIFIER, INVERTING PROGRAMMABLE GAIN 


The circuit above can be programmed for a gain of 0, -1, -2, 
-4, or -8. 


This could also have been accomplished with one input 
resistor and one feedback resistor per channel in the 
conventional manner, but this would require eight resistors 
rather than five. 


Application No. 4 


INPUT 
eee 
PENABLE | 


Z = 600 


Z = 60002 
OUTPUT 


catch et 
Y 


HA-2400 AMP 


FIGURE 5. PROGRAMMABLE ATTENUATOR 


This circuit performs the function of dividing the input signal 
by a selected constant (1, 2, 4, 8, or © as illustrated). To 
multiply by a selected constant, see circuit No. 2. While T, 7, 
or L sections could be used in the input attenuator, this is not 
necessary since the amplifier loading is negligible and a 
constant input impedance is maintained. The circuit is thus 
much simpler and more accurate than the usual method of 
constructing a constant impedance ladder and switching 
sections in and out with analog switches. 


Two identical circuits may be used to attenuate a balanced 
line. 


Application No. 5 


ee) 


pat Eo 
ai; PENABLE 
> 


nfl 


a 
me 
i 


i 
re 


FIGURE 6. ADDER/SUBTRACTOR PROGRAMMABLE 
FUNCTION 


The circuit shown above can be programmed to give the 
output functions -K;X, -KoY, -(K3X + K4Y), or KsX - Key. 
Obviously, many other functions of one or more variables 
can be constructed, including combinations with analog 
multiplier or logarithmic modules. 


This device opens up many new design approaches in 
digitally controlled analog computation or signal manipulation. 
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Application No. 6 


FIGURE 7. PHASE SELECTOR/PHASE DETECTOR/ 
SYNCHRONOUS RECTIFIER/BALANCED MODULATOR 


This circuit passes the input signal at unity gain, either 
unchanged, or inverted depending on the Digital control 
input. A buffered input is shown, since low source 
impedance is essential. Gain can be added by modifications 
to the feedback networks. Signals up to 100kHz can be 
handled with 20Vp.p output. The circuit becomes a phase 
detector by driving the Digital Control input with a reference 
phase at the same frequency as the input signal, the aver- 
age DC output being proportional to the phase difference, 
with OV at +90 degrees. By connecting the output to a com- 
parator, which in turn drives the Digital Control, a synchro- 
nous full-wave rectifier is formed. 


With a low frequency input signal and a high frequency 
a_ balanced 


digital control signal, 
modulator is formed. 


(Supressed carrier) 


Application No. 7 


DECODE/ 
CONTROL 


FIGURE 8. INTEGRATOR/RAMP GENERATOR WITH INITIAL 
CONDITION RESET 


It is difficult in practice to set the initial conditions accurately 
in an integrator. This usually requires wiring contacts of a 
mechanical relay across the capacitor - leakage currents of 
solid state switches produce integration inaccuracy. The 
scheme shown above eliminates these reliability and 
accuracy problems. 


Channel 1 is wired as a conventional integrator, Channel 2 
as a voltage follower. When Channel 2 is switched on, the 
output will follow Vi, and C will discharge to maintain OV 
across it. When Channel 1 is then switched on the output will 
initially be at the instantaneous value of Vij, and then will 
commence integrating towards the opposite polarity. This cir- 
cuit is particularly suitable for timing ramp generation using a 
fixed DC input. Many variations are possible, such as pro- 
grammable time constant integrators. 


Application No. 8 


TRACK 
5 HOLD 
CONTROL 


Sp ee 


oval ine 


OFFSET 
DRIFT 
ADJUST 


15 
FIGURE 9. TRACK AND HOLD/SAMPLE AND HOLD 


Channel 1 is wired as a voltage follower and is turned on 
during the track/sample time. If the product of R x C is 
sufficiently short compared to the period of maximum output 
frequency, or sample time, C will charge to the output level. 
Channel 2 is an integrator with zero input signal. When 
Channel 2 is then turned on, the output will remain at the 
voltage across C. 


Application No. 9 


Any oscillator which can be constructed using an op amp, 
such as the twin-T, phase shift, crystal controlled types, etc. 
can be made programmable by using the HA-2400. The 
following illustration is a Wien Bridge type, which is very 
popular for signal generators, since it is easily tunable over a 
wide frequency range, and has a very low distortion sine 
wave output. The frequency determining networks can be 
designed from about 10Hz to greater than 1MHz. Output 
level is about 6.0Vpys. By substituting a programmable 
attenuator (Circuit No. 4) for the Buffer Amplifier, a very 
versatile sine wave source for automatic testing, etc. can be 
constructed. 


CHALLENGE: A high Q, narrow band filter can be made by 
feeding back greater than 1/3 of the output to the negative 
input. Design a circuit using the HA-2400 and an RC 
network which can be programmed either to generate or to 
detect an audio tone of the same frequency. Such a circuit 
would be quite useful for data communications. 
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LAMP (\C— 


FIGURE 10. SINE WAVE OSCILLATOR PROGRAMMABLE FREQUENCY 


An even simpler circuit can be made by wiring one channel 
as an amplifier, choosing the compensation capacitor to 
yield the minimum required bandwidth or slew rate. When 
the Enable input is pulled low, the output will tend to remain 
at its last level, because of the charge remaining on the 
compensating capacitor. 


Application No. 10 


DIGITAL 
CONTROL 


—_—-— 


FIGURE 11. MULTIVIBRATOR, FREE RUNNING, 
PROGRAMMABLE FREQUENCY 


This is the simplest of any programmable oscillator circuit, 
since only one stable timing capacitor is required. The out- 
put square wave is about 25Vp_p and has rise and fall times 
of about 0.5us. If a programmable attenuator circuit (No. 4) is 
placed between the output and the divider network, 16 fre- 
quencies can be produced with two HA-2400s and still only 
one timing capacitor. 


A precision programmable square-triangle generator can 
also be constructed by adapting circuit described in Harris 
Application Note AN507 to the HA-2400. 


Application No. 11 


ey) 


DECODE/ 
CONTROL 


DIGITAL 
CONTROL 


FIGURE 12. PROGRAMMABLE ACTIVE FILTER 


Shown above is a second order low pass filter with program- 
mable cutoff frequency. This circuit should be driven from a 
low source impedance since there are paths from the output 
to the input through the unselected networks. 


Virtually any filter function which can be constructed with a 
conventional op amp can be made programmable with the 
HA-2400. 


A useful variation would be to wire one channel as a unity 
gain amplifier, so that one could select the unfiltered signal, 
or the same signal filtered in various manners. These could 
be cascaded to provide a wide variety of programmable filter 
functions. 
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Application No. 12 


D DIGITAL 
, ania 10K 


FIGURE 13. POWER SUPPLY PROGRAMMABLE 


Many systems require one or more relatively low current 
voltage sources which can be programmed to a few 
predetermined levels. It is no longer necessary to purchase 
a programmable power supply with far more capability than 
needed. The circuit shown above produces positive output 
levels, but could be modified for negative or bipolar outputs. 
Q, is the series regulator transistor, selected for the required 
current and power capability. R;, Qo and Q, form an optional 
short circuit protection circuit, with R; chosen to drop about 
0.7V at the maximum output current. The compensation 
capacitor, C, should be chosen to keep the overshoot, when 
switching, to an acceptable level. 


CHALLENGE: Design a supply using only two HA-2400s 
which can be programmed to 16 binary weighted (or 10 BCD 
weighted) output levels. 


Application No. 13 
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FIGURE 14. COMPARATOR, FOUR CHANNEL 


+5V 
SUPPLY 


Application No. 14 


When operated open loop without compensation, the 
HA-2400 becomes a comparator with four selectable input 
channels. The clamping network at the compensation pin 
limits the output voltage to allow DTL or TTL digital circuits to 
be driven with a fanout of up to ten loads. 


Output rise and fall times will be about 100ns for differential 
input signals of several hundred millivolts, but will be in the 
microsecond region for small differential signals. 


The circuit can be used to compare several signals against 
each other or against fixed references; or a single signal can 
be compared against several references. A “window compar- 
ator’, which assures that a signal is within a voltage range, 
can be formed by monitoring the output polarity while rapidly 
switching between two channels with different reference 
inputs and the same signal input. 


DIGITAL INPUT 
MSB_ LSB 


ANALOG 
INPUT 


1K 


=i is 


Each hy 


0 +15V 


9 OUTPUT 
171 


FIGURE 15. MULTIPLYING D TO A CONVERTER 
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The circuit above performs the function, 
N 
Vout = Vin* 76 


where N is the binary number from 0 to 15 formed by the 
digital input. If the analog input is a fixed DC reference, the 
circuit is conventional 4-bit D to A. The input could also be a 
variable or AC signal, in which case the output is the product 
of the analog signal and the digital signal. 


The circuit on the left is a programmable attenuator with 
weights of 0, 1/4, 1/2, or 3/4. The circuit on the right is a 
noninverting adder which adds weights to the first output of 
0, 1/6, 1/8 or 3/16. 


If four quadrant multiplication is required, place the Phase 
Selector circuit (No. 6) in series with either the analog input 
or output. The Do input of that stage becomes the + or - sign 
bit of the digital input. 


More Challenges 


One of our favorite college textbooks paused at each 
climactic point with a statement to the effect that, “Proof of 
the following theorem is omitted and is suggested as an 
exercise for the student.” 


The following is the list of some additional applications in 
which we believe the HA-2400 will prove very valuable. The 
“proofs”, at present, remain as exercises for our ingenious 
readers. 


¢ Ato D Converter, Dual Slope Integrating 


Active Filter, State Variable Type with Programmable 
Frequency and/or Programmable “Q” 


Amplifier with Programmable DC Level Shift 


* Chopper Amplifiers 

¢ Crossbar Switches 

¢ Current Source, Programmable 

¢ FM Stereo Modulator 

e F.S.K. Modem 

e Function Generators, Programmable 

¢ Gyrator, Programmable 

¢ Monostable Multivibrator, Programmable 
¢ Multiplier, Pulse Averaging 

¢ Peak Detector with Reset 


¢ Resistance Bridge Amplifier/Comparator with Programmable 
Range 


Sense Amp/Line Receiver with Programmable Threshold 


Spectrum Analyzer, Scanning Type 


¢ Sweep Generator, Programmable 


Switching Regulator 


e Touch-Tone™ Generator/Detector (Use Harris HD-0165 
Keyboard Encoder IC) 


Feedback 


We believe we have only scratched the surface of possible 
applications for a multiple channel operational amplifier. 


If you have a solution for any of the previous “challenges” or 
any new application, please let us know. Anything from a one 
word description to a tested design will be welcome. 
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Operational Amplifier Noise Prediction (All Op Amps) 


Author: Richard Whitehead 


Introduction 


When working with op amp circuits an engineer is frequently 
required to predict the total RMS output noise in a given 
bandwidth for a certain feedback configuration. While op 
amp noise can be expressed in a number of ways, “spot 
noise” (RMS input voltage noise or current noise which 
would pass through 1Hz wide bandpass filters centered at 
various discrete frequencies), affords a universal method of 
predicting output noise in any op amp configuration. 


The Noise Model 


Figure 1 is a typical noise model depicting the noise voltage 
and noise current sources that are added together in the 
form of root mean square to give the total equivalent input 
voltage noise (RMS), therefore: 


N ni ni G 


E,; is the total equivalent input voltage noise of the circuit, 


€,; is the equivalent input voltage noise of the amplifier, and 


Ini-Rg? is the voltage noise generated by the current noise. 


4KTRg expresses the thermal noise generated by the external 
resistors in the circuit where K = 1.38 x 10° joules/k; 
T = 300°K (27°C) and: 


FIGURE 1. 


The total RMS output noise (E,,.) of an amplifier stage with 
gain = G in the bandwidth between f, and fz is: 


f 
2 2 alte 
Eno = of (7p df | 
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Note that in the amplifier stage shown, G is the non-inverting 
gain: 


R 
es ta 
[o-1+ 53] 


regardless of which input is normally driven. 


Procedure for Computing Total Output 
Noise 


1. Refer to the voltage noise curves for the amplifier to be 
used. 


. Enter values of e,)7 line (a) of the table below from the 
curve labeled “Noise spectral density” (the values must 
be squared). 


. From the current noise curves for the amplifier, obtain the 
values of ini for each of the frequencies in the table, 
and multiply each by Rg’, entering the products in line (b) 
of the table. 


. Obtain the value of 4KTRg from Figure 8, and enter it on 
line (c) of the table. This is constant for all frequencies. 
The 4KTRg value must be adjusted for temperatures 
other than normal room temperature. 


. Total each column in the table on line (d). This total is 
2 


6. On linear scale graph paper enter each of the values for 
E,i° versus frequency. In most cases, sufficient accuracy 
can be obtained simply by joining the points on the graph 
with straight line segments. 


7. For the bandwidth of interest, calculate the area under 
the curve by adding the areas of trapezoidal segments. 
This procedure assumes a perfectly square bandpass 
condition; to allow for the more normal -6dB/octave band- 
pass skirts, multiply the upper (-3dB) frequency by 1.57 to 
obtain the effective bandwidth of the circuit, before 
computing the area. The total area obtained is equivalent 
to the square of the total input noise over the given 
bandwidth. 
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8. Take the square root of the area found above and multiply 


3 Actual Measurements for Comparison 
by the gain (G) of the circuit to find the total Output RMS 


noise. 


A Typical Example 


It is necessary to find the output noise of the circuit shown 
below between 1kHz and 24kHz. 


15kQ 


FIGURE 2. THE HA-2600 IN A TYPICAL G = 1000 CIRCUIT 


Values are selected from the data sheet and Figure 8 to fill in 
the table as shown below. An Rg of 30kQ was selected. 


[ee [me [ene [ro 
faa [sen [sono] ro] rove | rma 
jee [sone] aero vaio ano | asco 


The totals of the selected values for each frequency is in the 
form of E,,;°. This should be plotted on linear graph paper as 


shown below: 


1.5 x 10715 


IN 


E,,2, (V2/Hz) 


1K 10K 20K 30K 40K 50K 
FREQUENCY (Hz) 


FIGURE 3. HA-2600 TOTAL EQUIVALENT INPUT NOISE 


Since a noise figure is needed for the frequency of 1kHz to 
24kHz, it is necessary to calculate the effective bandwidth of 
the circuit. With Ay = 60dB the upper 3dB point is approxi- 
mately 24kHz. The product of 1.57 (24kHz) is 37.7kHz and 
is the effective bandwidth of the circuit. 


The shaded area under the curve is approximately 
45 x 10°'V?; the total equivalent input noise is VE,,7 or 
6.7.V, and the total output noise for the selected bandwidth 
is VEj,> x (closed loop gain) or 6.7MVaws-. 


The circuit shown below was used to actually measure the 
broadband noise of the HA-2600 for the selected bandwidth: 


FIGURE 4. A TYPICAL TEST CIRCUIT FOR BROADBAND 
NOISE MEASUREMENTS 


The frequencies below the f1 point of the bandwidth selected 
are filtered out by the RC network on the output of HA-2600. 
The measurement of the broadband noise is observed on 
the true RMS voltmeter. The measured output noise of the 
circuit is 4.7MVpys as compared to the calculated value of 
6.7MV pms: 


Acquiring the Data for Calculations 


Spot noise values must be generated in order to make the 
output noise prediction. The effects of “Popcorn” noise have 
been excluded due to the type of measurement system. 


The Quan-Tech Control Unit, Model No. 2283 and Filter Unit, 
Model No. 2181 were used to acquire spot noise voltage 
values expressed in (V/VHz). The test system performs 
measurements from 10Hz by orders of magnitude to 100kHz 
with an effective bandwidth of 1Hz at each tested frequency. 


Several source resistance (Rg) values were used in the 
measuring system to reveal the effects of Rg on each type of 
Harris' op amps and to obtain proper voltage noise values 
essential for current noise calculations. 


A Discussion On “Popcorn” Noise 


“Popcorn” noise was first discovered in early 709 type op 
amps. Essentially it is an abrupt step-like shift in offset 
voltage (or current) lasting for several milliseconds and 
having amplitude from less than one microvolt to several 
hundred microvolts. Occurrence of the “pops” is quite 
random - an amplifier may exhibit several pops per second 
during one observation period and then remain “popless’” for 
several minutes. Worst case conditions are usually at low 
temperatures with high values of Rg. Some amplifier 
designs and some manufacturer's products are notoriously 
bad in this respect. Although theories of the popcorn mecha- 
nism differ, it is known that devices with surface contamina- 
tion of the semiconductor chip will be particularly bad 
“poppers”. Advertising claims not withstanding, the author 
has never seen any manufacturer's op amp that was com- 
pletely free of “popcorn.” Some peak detector circuits have 
been developed to screen devices for low amplitude “pops”, 
but 100% assurance is impossible because an infinite test 
time would be required. Some studies have shown that spot 
noise measurements at 10Hz and 100Hz, discarding units 
that are much higher than typical, is an effective screen for 
potentially high “popcorn” units. 
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The vast majority of Harris op amps will exhibit less than 
3uVp.p “popcorn”. Screening can be performed, but it should 
be noted that the confidence level of the screen could be as 
low as 60%. 


References 


[1] Fitchen, F.C. and Motchenbacker, C.D. Low Noise 
Electronic Design. New York: John Wiley and Sons, 
1973. 


[2] Instruction Manual, Model 2173C Transistor Noise 
Analyzer Control Unit. Quan-Tech, Division of KMS 
Industries. Whippany, New Jersey. 


lal Spot Noise Curves unless Otherwise Noted: Vg = +15V, Ta = 25°C 
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A Designers Guide for the HA-5033 Video Buffer 


Author: Carl Wolfe 


Introduction 


Harris Semiconductor is an industry leader in the high 
speed, wideband, monolithic operational amplifier market. 
Due to the high performance of Harris products, designers in 
the more specialized areas of electronics have shown 
interest in utilizing these products in their applications. One 
such area is video design. In an effort to address this 
market, Harris has introduced the HA-5033 video buffer. 


This paper will discuss the HA-5033 design and provide addi- 
tional performance characteristics not shown in the data 
sheet. 


HA-5033 Description 


The HA-5033 is a unity gain monolithic IC designed for any 
application requiring a fast wideband buffer. A voltage 
follower by design, this product is optimized for high speed 
50Q and 75Q coaxial cable driver applications common in 
color video systems. 


Critical performance characteristics are summarized in 
Table 1. Outstanding differential phase/gain characteristics 
combined with an output current capability of +100mA 
makes the HA-5033 an excellent choice for the line driver 
applications required in video circuit design. 


TABLE 1. HA-5033 SPECIFICATIONS: T, = 25°C; 
Vsuppty = +12V (UNLESS OTHERWISE SHOWN) 


[PARAMETER [MIN [TYP | WAX] UNITS 
mV 


Input Offset Voltage 
Input Bias Current 
Differential Phase 
Differential Gain 

Slew Rate (+15V) 

Output Current 
Bandwidth (Small Signal) 
Bandwidth (Vin = 1VRms) 


_ 
oO 
oO 
oO 


oi BA 9° 
ol oO 4 ‘aol 
o1 


Supply Current 


Other features, which include a minimum slew rate of 
1000V/us, make the HA-5033 useful in high speed A/D 
data conversion and sample/hold circuits. 


Copyright © Harris Corporation 1996 


The HA-5033 is offered in three package configurations: the 
12 lead metal can, the 8 lead PDIP, and the 8 lead Power 
Small Outline Package (PSOP). The pinouts for each pack- 
age are illustrated in Figure 1. 


METAL CAN PACKAGE 
TOP VIEW 


PDIP PSOP 
TOP VIEW 


FIGURE 1. HA-5033 PINOUTS: METAL CAN-PIN COMPATIBLE 
WITH THE LHO0033 HYBRID. 8-LEAD, PDIP-FABRI- 
CATED USING A COPPER LEAD FRAME. ADVAN- 
TAGES INCLUDE EXCELLENT THERMAL 
CHARACTERISTICS AND BOARD SPACE SAVINGS. 


The high performance of this product (Summarized in 
Table 1) is the result of the Harris High Frequency Dielectric 
Isolation Process. A major feature of this process is that it 
provides both PNP and NPN high frequency transistors 
which make wide bandwidth designs, such as the HA-5033, 
practical. 


A Closer Look 


Most manufacturer's data sheets provide a schematic 
diagram and depending upon the complexity of the product, 
this schematic may be comprehensive or possibly a 
simplified version. Schematics are a visual means of 
presenting information, ranging from reliability data, such as 
transistor counts, to circuit information for circuit analysis or 
computer simulation. But the most important reason for the 
schematic is to communicate to the customer the internal 
structure of the product and therefore, some insight into its 
operation. 


At first glance, a schematic may appear as nothing more 
than a collection of resistors and transistors. But upon closer 
examination, particular areas of operation should become 
evident. Using the HA-5033 as an example (Figure 2), it will 
be shown that the HA-5033 consists of a signal path, bias 
network, and performance optimization circuitry. 
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Signal buffering is accomplished by cascading two emitter 
followers. In order to achieve symmetrical positive and 
negative output drive capability, two pairs are paralleled. The 
first pair consists of Q; and Q, for positive drive while the 
second pair Qo, Qs, provide negative drive. The emitter 
resistors of Q;, Qo ensure stability with respect to load resis- 
tance, enhance differential phase/gain performance, and 
stabilize the quiescent operating point. This signal path has 
been highlighted on the schematic. 


The bias circuitry consists primarily of the diode-biasing 
located on the left portion of the schematic along with 
transistors Qs, Qg. This circuitry ensures the designed 
performance of the other active elements. 


The performance optimization circuits are a_ slew 
enhancement circuit and a bias network buffer circuit. The 
transistors Q7, Qg, Qg and Q4¢ are for slew enhancement. If 
the input voltage exceeds the output by one Vpr, Q7 will turn 
on Qj, which in turn provides extra base drive to Q,. Simi- 
larly, Qg will supply extra base drive to Qo. 


BIASING —> 


Transistors Qy;, Qy2, Qy3 and Qy,4 prevent high frequency or 
transient signals from affecting the bias circuitry. This 
prevents Ccg multiplication of current sources Qs and Qe, 
which also improves differential gain/phase performance. 


Note that output current limiting was not designed into the 
HA-5033. If there is a possibility of the output being shorted 
to ground or the supplies, external current limiting will be 
necessary. 


Any designer interested in using the HA-5033 should be 
aware of a characteristic related to output transistor 
operation. As the data sheet performance curves 
(reproduced in Figure 3) show, the output swing is a function 
of frequency. These curves show the point at which observ- 
able distortion occurs for a given frequency. However, if the 
signal amplitude, signal frequency or both are increased 
beyond the curves shown, thermal “runaway” will occur. This 
is due to both the NPN and PNP output transistors 
approaching a condition of being simultaneously on. This 
condition has been computer simulated and the results are 
shown in Figure 4. 


SLEW 
ENHANCEMENT 


FIGURE 2. HA-5033 SCHEMATIC: VIDEO BUFFER DESIGN CONSISTS OF THREE OPERATING AREAS; SIGNAL PATH, BIAS 
NETWORK AND PERFORMANCE OPTIMIZATION CIRCUITRY. 


NO HEAT SINK 
IN FREE AIR 


OUTPUT VOLTAGE (Vrms) 


100K 1M 
FREQUENCY (Hz) 


10K 


OUTPUT VOLTAGE (Vrms) 


FREQUENCY (Hz) 


FIGURE 3. OUTPUT SWING vs FREQUENCY PERFORMANCE CURVES: CURVES SHOW POINT OF OBSERVABLE DISTORTION 
FOR GIVEN FREQUENCY. OPERATION BEYOND THE CURVES SHOWN WILL APPROACH CONDITIONS WHERE 
OUTPUT TRANSISTORS ARE SIMULTANEOUSLY ON. THE RESULTING INCREASE IN CHIP TEMPERATURE WILL 


LEAD TO THERMAL RUNAWAY. 
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"OUTPUT NPN ON 
OUTPUT PNP ON 


CURRENT (A) 


@ + SUPPLY CURRENT 
A - SUPPLY CURRENT 
FIGURE 4A. VPEAK = 5V, Ry. = 100 


TIME (s) 


x10 BOTH TRANSISTORS ON 


CURRENT (A) 


0.0 1.0 2.0 3.0 


TIME (s) @ + SUPPLY CURRENT 


A - SUPPLY CURRENT 
FIGURE 4B. Vpgax = 7V, R, = 100 


FIGURE 4. OUTPUT TRANSISTOR COMPUTER SIMULATION RESULTS 


This condition occurs if the frequency of the analog signal 

does not allow sufficient time for the output PNP transistor to 

turn off. The frequency which causes this “push-push” output 

stage can be determined by using the following relationship, 
SR 


Full Power Bandwidth (FPBW) = ess 
PEAK 


Where: SR = Slew Rate 
Vpeak = Analog Signal Peak Voltage 


Therefore, the designer can determine the approximate 
frequency of thermal runaway by supplying the peak analog 
voltage and measuring the buffer slew rate for a particular 
application. 


For example, the slew rate for the HA-5033 with a load of 
R, = 1kQ and C, = 1000pF was measured to be 83V/us. The 
FPBW for a 5Vpeax analog signal was calculated, 


83V/"S 


= 2.6MH 
a) oe 


FPBW = 


So the estimated frequency of thermal runaway for the given 
conditions is 2.6MHz. Measurements in the lab resulted in a 
thermal runaway frequency equal to 2.5MHz. 


Although the FPBW relationship gives the designer a 
method of estimating the frequency of thermal runaway, it is 
recommended that the HA-5033 be operated to the left of 
the curves shown in Figure 3. Heat sinking the buffer will not 
prevent this condition from occurring. 


The purpose of heat sinking a semiconductor is to maintain 
the device junction temperature below a specified maximum 
limit. This is a thermal problem and can be evaluated using 
the thermal analog of Ohm’s Law illustrated in Figure 5. 


Where: 


Pomax = Power Dissipated (Ppc + Pac), Watts 
T, = Maximum Junction Temperature, °C 
Ta = Ambient Temperature, °C 
8 jo = Junction to Case Thermal Resistance, °C/W 
Q@csg = Case to Heat Sink Thermal Resistance, °C/W 
Qsa = Heat Sink to Ambient Thermal Resistance, °C/W 


Ty 


Ppmax 


Osa 


Ta 
FIGURE 5. THERMAL ANALOG OF OHM’S LAW: 
SEMICONDUCTOR/HEAT SINK SYSTEM 


In this thermal system, current is replaced by power, voltage 
by temperature, and electrical resistance by thermal resis- 
tance. By using Figure 5, the following expression is derived, 


Tymax~ Ta 


P Pete ee ee 
Biot 985 t+ 8g, 


DMAX ~— 


This expression allows the designer to determine the 
maximum power dissipation of a semiconductor/heat sink 
system. 


The expression for the semiconductor in free air is, 
Tymax > Ta 


PoMAX = ——9 
JA 


In order to make use of these expressions, the following 
information is required. 9jc and Tyyax, from the semicon- 
ductor manufacturer and 89¢s and Osa, from the heat sink 
manufacturer. 


For the HA-5033, the maximum junction temperature 
(Tymax) is 175°C for the metal can package, and 150°C for 
the PDIP and PSOP packages. The thermal impedances for 
the HA-5033 in the metal can package are 0), = 65°C/W 
and @jc = 34°C/W. The PDIP thermal resistance is 
8), = 96°C/W, while the PSOP package has 8), = 129°C/W. 
These values have been used to generate the “Maximum 
Power Dissipation” graph in Figure 6. 


Recommended heat sinks for the HA-5033 in the metal can 
package are the Thermalloy 2240A [1] and IERC-UP-T08- 
51CB [2] (base), IERC-UP-C7 (top). Thermal impedances 
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are Osa = 27°C/W and Osa = 10°C, respectively. 8¢¢g is 
dependent upon the type of insulator or thermal joint com- 
pound used. Both products are two piece heat sinks, but 
differ in design. 


By using the given product information and supplying an 
operating ambient temperature, the designer can determine 
the maximum power the system will dissipate and not 
exceed the maximum junction temperature. 


For example, Figure 6 shows the maximum power dissipation 
for the HA-5033 in a metal can package to be 2.31W at 25°C. 
2.4 
2.2 
2.0 CAN 


PDIP 


0.4 QUIESCENT Pp = 0.72W 
AT Vs +12V, loc =30mA 


MAXIMUM TOTAL POWER DISSIPATION (W) 
S 


25 45 65 85 105 125 
TEMPERATURE (°C) 


FIGURE 6. HA-5033 MAXIMUM POWER DISSIPATION VS 
AMBIENT TEMPERATURE: FREE AIR 


The maximum power dissipation of the HA-5033/2240A 
metal can/heat sink system is calculated to be, 


175-25 


Therefore, the HA-5033 used with the Thermalloy 2240A 
can dissipate 2.46W at 25°C and not exceed the maximum 
junction temperature of 175°C. 


The power dissipation limits shown in Figure 6 and those 
determined with the heat sink apply for both quiescent and 
load related power. Therefore, 


Pomax S Poc + Pac 
Poc = (V+)(+l) + (V-)(-l) 
Pac = (1/T)oIT vit) i(t) dt 


Video Performance 


The images which appear on your television picture tube are 
created by a process called scanning [3]. Scanning is a 
method of recreating the optical image of a scene one line at 
a time. Referring to Figure 7A, an electron beam moves or 
“scans” from left to right and quickly returns to a position 
below its starting spot. This process continues until the 
bottom of the picture is reached and the beam returns to the 
Original top left hand position. This method is called 
sequential scanning. 


STARTING 
POINT 


FIGURE 7A. SEQUENCIAL SCANNING 
SECOND HALF OF 


OF LINE 263 
LINE 264, 
FIELD 2 
LINE 1, 
sor FIELD 1 
LINE 2 
LINE 266, 
FIELD 2 jam 
LINE 3, 
FIELD 4 
LINE 262, 
FIRST HALF FIELD 1 
OF LINE 263 


FIGURE 7B. INTERLACED SCANNING 
FIGURE 7. SCANNING SEQUENCE 


Incorporated into present television broadcast standards is a 
technique called interlaced scanning. Interlaced scanning 
recreates the scene by providing two half scans. As shown in 
Figure 7B, the first scan traces out the odd numbered lines, 
the second scan fills in the even numbered lines. This 
technique avoids the flicker problem and_ excessive 
bandwidths required for similar picture definition using 
sequential scanning. 


The United States NTSC (National Television Systems 
Committee) broadcast standard is a 525 line standard. Each 
scan consists of 2621/2 lines. The first scan is known as field 
one, the second, field two. Therefore, the complete picture 
consists of two fields. 


The first 21 lines of each field are blank. Those lines are left 
open and are not used to broadcast video information. 
Instead, these lines contain other important information, 
such as sync pulses, data transmission, and test signals. 
The test signals contained in these lines are called the 
Vertical Interval Test Signals (VITS) [4, 5], which allows 
realtime monitoring of the television broadcast signal quality. 
These test signals were used to evaluate the video 
performance of the HA-5033. 


Four test signals are commonly used in the vertical interval. 
They are the multiburst, color bar, composite and vertical 
interval reference. These test signals are shown in Figures 8 
through 11. 
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SYNC 


FIGURE 10. COMPOSITE SIGNAL (FIELD 1, AND 2, LINE 18) 
DESIGNED FOR GAIN AND TIME DELAY TESTS 


Each test signal was created to allow various distortions to 
be measured without interfering with the normal video 
transmission. These signal distortions which exist in 
television systems are defined as linear or non-linear. Non- 
linear distortion, such as differential phase and gain, vary 
with the amplitude of the picture signal. Linear distortions, 
usually dependent upon frequency response, are indepen- 
dent of signal level. For example, the multiburst test signal is 
very useful for frequency response checks, whereas the 
composite signal contains signals for checking gain error. 


Determining the HA-5033’s performance level with respect 
to the NTSC standard required the definition of a measure- 
ment method. Test equipment was needed that would 
produce the necessary NTSC test signals and also monitor 
the device under test performance. The test configuration, 
shown in Figure 12 consisted of a Tektronix 149A NTSC [6] 
generator and Marconi TF 2914A video analyzer [7]. 


YELLOW 


-40 


FIGURE 9. COLOR BAR (FIELD 2, LINE 17) ENABLES MONI- 
TORING OF COLOR TRANSMISSION QUALITY 


IRE 
ia CHROMINANCE 
100 REFERENCE 
80 


LUMINANCE 
REFERENCE 


60 
40 
20 
0 
BLACK 
REFERENCE 
-40 


FIGURE 11. VERTICAL INTERVAL REFERENCE SIGNAL (FIELD 
1 AND 2, LINE 19) PROVIDES COLOR AND GAIN 
REFERENCES 


+12V 


VIDEO SIGNAL 
ANALYZER 


— » MARCONI 
F 2914A 


VERTICAL 
INTERVAL 
TEST SIGNAL 
GENERATOR 


LT 
75Q% INSERTION 
+ SIGNAL 

.. ANALYZER 


TEKTRONIX 149AT 
NTSC SIGNAL 
GENERATOR 


+TEKTRONIX 1910 NTSC DIGITAL 

GENERATOR RECOMMENDED 
FIGURE 12. HA-5033 NTSC PERFORMANCE TEST 

CONFIGURATION 

The TF 2914A has the capability of measuring 24 separate 
video parameters. Other advantages include direct readout 
and much more accuracy than possible using scope 
methods. Table 2 lists the video parameters tested on the 
HA-5033 along with the particular VITS utilized by the 
TF 2914A. 
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TABLE 2. TF 2914A VIDEO MEASUREMENT PARAMETERS REFERRED TO VERTICAL INTERVAL TEST SIGNALS 


Chrominance to Luminance Gain Inequality | Chrominance Component Amplitude of the 12.5T Pulse and Luminance Components of 
the 12.5T Pulse, Composite Signal (Figure 10) 

Chrominance to Luminance Delay Time Difference of Chrominance and Luminance Components of the 12.5T Pulse, Com- 
posite Signal (Figure 10) 

Luminance Non-Linearity Largest and Smallest Step Amplitude of the Modulated Step Staircase, Composite Signal 
(Figure 10) 


Signal to Noise Ratio Luminance Bar Level to Noise Voltage, Composite Signal (Figure 10) 


Chrominance to Luminance Crosstalk Chrominance Component of 3 Step Modulated Pedestal and Luminance Bar, Multiburst 
Signal (Figure 8) 


i a 


Since the TF 2914A measurement includes any inaccuracies _ inserted and the results recorded. The difference between the 
of the NTSC signal generator, a “delta” measurement was two readings was considered the actual HA-5033 perfor- 
neccesary. The NTSC generator was connected directly to mance. Table 3 lists the video performance results of the 
the analyzer and the results recorded. Next, the HA-5033 was HA-5033. 
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TABLE 3. HA-5033 NTSC VIDEO PERFORMANCE 


VIDEO PARAMETER 
Luminance Bar Amplitude 
Sync Amplitude 
2T Pulse to Bar Ratio 
Chrominance to Luminance Gain Inequality 
Chrominance to Luminance Delay 
Luminance Non-Linearity 
Signal-to-Noise Ratio 
Chrominance to Luminance Crosstalk 
Low Frequency Error 
Bar Tilt 
2T K Factor 
Differential Gain 
Differential Phase 
Flag 
Multiburst 1 Amplitude 
Multiburst 2 Amplitude 
Multiburst 3 Amplitude 
Multiburst 4 Amplitude 
Multiburst 5 Amplitude 
Multiburst 6 Amplitude 


Color Reference Burst Amplitude 


NOTE: IEEE Standard 205-1958 defines the levels of television video signal in terms of IRE units. 100 IRE units = 0.714Vp_p 


Applying the HA-5033 


The most important consideration when designing with the 
HA-5033 is layout. The wide bandwidth of the buffer necessi- 
tates that high frequency layout procedures be followed. 
Recommended procedures include the use of a ground 
plane, minimization of all lead lengths, avoiding sockets, and 
proper power supply decoupling. 


Standard practice in RF/Video layout is the use of a ground 
plane. A ground plane minimizes distributed circuit 
capacitance and inductance which degrade high frequency 
performance. The ground plane can also incorporate the 
metal case of the HA-5033, since pin 2 is internally tied to 
the package. This feature allows the user to make contact 
between the ground plane and the package which extends 
shielding, provides additional heat sinking and eliminates the 
use of a socket. IC sockets contribute bandwidth limiting 
interlead capacitance and should be avoided. 


For the PDIP, additional heatsinking can be derived from sol- 
dering the no connection leads 2, 3, and 7 to the ground 
plane. Also, lead 6 can be tied to either supply, grounded or 
left open. But to optimize device performance and improve 
isolation, it is recommended that this pin be grounded. 


Another method of enhancing device performance is power 
supply decoupling. For the HA-5033, it is recommended that 
the positive and negative power supplies be bypassed with 
capacitors to ground. Ceramic capacitors ranging in value 
from 0.01 to 0.1mF will minimize high frequency variations in 
supply voltage. Solid tantalum capacitors 1mF or larger will 
optimize low frequency performance. It is also recommended 
that the bypass capacitors be connected as close to the HA- 
5033 as possible, preferably directly to the supply pins. 


Finally, keeping all lead lengths as short as possible will 
minimize distributed capacitance and reduce board space. It 
is essential that the guidelines discussed above be followed 
to avoid marginal performance. 


Another consideration when applying the HA-5033 is load 
capacitance. Although the HA-5033 is designed to handle 
load capacitance values up to 0.01uF, it has a worst case 
stability region in the area of 50pF. The computer simulation 
of the HA-5033 frequency response in Figure 13 illustrates 
the gain peaking which occurs in the 150MHz region. 


There are three suggested methods of dealing with this 
particular characteristic of the HA-5033. Isolating the load 
capacitance from the buffer output is the object of the first 
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method. This is accomplished by placing a series resistor 
between the output and the load. 


A second technique utilizes the HA-5033 frequency 
response with respect to load capacitance. Referring once 
again to Figure 13, notice that the gain peaking is removed 
with additional load capacitance. This is the basis of method 
two, adding additional load capacitance to approach a region 
of stability. 


A drawback to adding more load capacitance is that the 
buffer's dynamic characteristic will degrade and bandwidth 
performance will be less than data sheet specifications. The 
third method solves this trade-off by using a “bootstrap” 


2.0 


1.6 


0.4 


S 1.2 
= ay: m 
Sas Ht 


if 
A 
| c= 10009F ig 


technique of adding capacitance from input to output. This 
method achieves stability without sacrificing performance. 


An explanation of why adding capacitance will stabilize the 
HA-5033 can be found in the Y parameter data shown in 
Figure 14. The expression for the buffer gain in terms of Y 
parameter Is: 


Vout ~Ya4 


— ie 
Vi Vin Yoo #¥7 


Y51 = Forward Transmittance 
Yoo = Output Admittance 
Y, = Load Admittance 


\_\\ 
bt | 
Maat 


109 


FREQUENCY (Hz) 
FIGURE 13. COMPUTER SIMULATION OF HA-5033 GAIN CHARACTERISTICS vs FREQUENCY AND LOAD CAPACITANCE 
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FIGURE 14. HA-5033 Y PARAMETER DATA 
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Notice that the output admittance, Yoo, phase becomes 
inductive (-jY_ = -90°) at high frequency. So if the load, Y,, is 
capacitive (+jYc = +90°) and the sum of Yoo + Y,, become 
small, peaking occurs. Adding additional capacitance 
changes the effective phase angle and peaking can be 
reduced. 


Using the HA-5033 as the analog input buffer of a flash 
converter is an example of an application where the sug- 
gested stabilization methods are useful. Although it has 
been stressed to keep all distributed capacitance to a mini- 
mum to optimize device operation, the load which a flash 
converter presents to the buffer represents a greater con- 
cern. 


Flash or parallel converters are a special case, since the 
analog input circuit must drive a _ non-linear input 
impedance [8]. This non-linearity is due to the potential input 
impedance changes of the 255 parallel comparators which 
comprise the converter analog input. In addition to the non- 


CONVERT 


DIGITAL @ 
OUTPUT 


linearity, the input capacitance of these converters tends to 
be relatively large, 100-300pF. 


Examples of the various stabilization methods tested with 
the TRW 1007 8-bit video flash converter are shown in 
Figure 15. Figure 15A illustrates the series resistor method, 
Figure 15B is the load capacitance method, and Figure 15C 
is the bootstrap method. Photographs of the experimental 
results show the analog input sampling convert signal (pin 
30), the MSB digital output (D1, pin 40), and the buffer 
output (converter input). 


lt is recommended that a complete evaluation for each 
method be conducted to determine the optimum component 
values. The value of the series resistor will depend upon the 
input capacitance of the particular converter used. A 
suggested starting value is 5092. With the capacitance 
methods, the distributed capacitance of the layout will affect 
component values. These experimental results were 
obtained using C = 240pF. 


+15V 


[| 


28, 43 47,48 12,14 
49,50 19, 21 


13, 15, 
16, 18, 20 


Vet == 
AL st /RM TRW 
. = = TDC-1007U 
Vv 
15V oy 88 
CONV 
D8 ce e e e eo e es es — 
(LSB) D7 D6 D5 > D4D3 D2 D1> 
< (MsB) 2 
Fd S 


FIGURE 15A. ENHANCING 5033 PERFORMANCE IN FLASH CONVERTER APPLICATIONS: SERIES RESISTOR METHOD 


Vin 


CONVERT 


DIGITAL 
OUTPUT 


+15V 


a” 28, 43 47,48 12,14 

= 49,50 19, 21 
13, 15, VV 
16, 18, 20 


TRW 
TDC-1007J 


D8 
(LSB) D7 D6 D5 > D4.D3 D2 D1 > 
a (MSB) < 
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FIGURE 15B. LOAD CAPACITANCE METHOD 
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Cp 240pF 
Vo 9-6V 
+15V 9 ie 
CONVERT: L 28, 43 47, 48 12, 14 
V V »5 ’ 
= 113, 15, V 
16,18,20 29,42 
DIGITAL 11 = 
TPUT 
ee AL = RM TRW 
a TDC-1007U 
: V 
15V 4, (VRB 


BUFFER Sane eee eae 
OUTPUT \X 


D8 
(LSB) D7 D6 D5 > D4D3 D2 D1> 
= (MSB) = 
- = 


FIGURE 15C. BOOTSTRAP CAPACITANCE METHOD 


Vout 


POSITIVE PULSE RESPONSE NEGATIVE PULSE RESPONSE 
Ta = 25°C Ta = 25°C 
Ry = R, = 502 Ry = R, = 502 


V.~=V Gent } /2V 
7 L 4 
O IN R, +Ry IN 


Vo = Vinl sms EF “1/2 
O IN Ri + Ray IN 


FIGURE 16. VIDEO COAXIAL LINE DRIVER - 502 SYSTEM 


The signal levels in most video applications are 1Vp_p or 
less. Although the HA-5033 was shown with +15V power 
supplies in the converter applications, lower power supplies 
will accommodate these video signal levels. For example, at 
+5V power supplies, the HA-5033 can swing +2V into a 75Q 
load. 


The HA-5033 is an excellent high speed line device capable 
of driving 50Q and 75Q coaxial cable. 


These types of drive requirements are common in video 
circuit design. Figures 16 and 17 illustrate two typical 
application examples. Figure 16 is an example of a 50Q sys- 
tem using the HA-5033 alone. Riyy matches the buffer output 
impedance to the cables characteristic impedance. Depend- 
ing upon the response required, this resistor may not be nec- 
essary. If used, the output voltage will be one-half the input 
voltage. 


Figure 17 illustrates the use of the buffer within the feedback 
loop of an operational amplifier. This configuration provides 


additional output current capability for the HA-2539 op amp 
and gives the designer voltage gain control. 


VIDEO +V +V 
SIGNAL : : 


INPUT R, 


FIGURE 17. VIDEO GAIN BLOCK 


Another application which utilizes the HA-5033's output drive 
capability is the high speed sample and hold circuit shown in 
Figure 18. The input buffer provides drive current to the hoid 
capacitor while the output buffer functions as a data line 
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driver. The switching element in this application is the 
HI-201HS high speed CMOS switch which contributes it's 
own benefits to the application [9]. Depending upon the 
application requirements, using the HA-5033 as the output 
buffer in Figure 18A may not be acceptable. Lab tests have 
shown that the input bias current of the HA-5033 becomes a 
factor for low values of hold capacitance (<0.01uF) during 
the hold mode. 


A solution is to add a low bias current FET input stage, as 
shown in Figure 18B. Q, acts as a voltage follower and Q> is 
a current source. Matching Q;, Qo and Rj, Ro are important 
considerations in order to minimize offset voltages. 


S/H 
CONTROL 


FIGURE 18A. HIGH SPEED SAMPLE/HOLD 


S/H 
CONTROL 


4 «QQ, - 2N5564 
Vss 


FIGURE 18A. MODIFIED OUTPUT BUFFER 


When the drive capability of the HA-5033 is insufficient, 
consider adding an external output stage. Figure 19A 
illustrates an example where a push-pull complementary 
output stage has been added to the HA-5033. Although 
unable to drive the low impedances of speakers, typically 4Q 
to 8Q, the buffer can be used to drive audio output transis- 
tors. A variation of this configuration is shown in Figure 19B, 
where separate buffers individually drive each transistor 
base. A low noise input stage is provided by the HA-5102. 


A common method of achieving an audio oscillator circuit is 
to use a transistor or IC amplifier with LC or RC feedback. 
An alternative technique of generating sinusoidal wave- 
forms, using the HA-5033, is shown in Figure 20. Crystal 
oscillators offer improved frequency stability over time and 
temperature. This particular oscillator configuration [10] pro- 
duces an 18.18MHz, 2.8Vp_p sinusoidal waveform into a 
1kQ load. 


O Vec 


ViN O Vout 


R, (SPEAKER) 


FIGURE 19B. 
FIGURE 19. AUDIO DRIVERS 


o OUTPUT 


FIGURE 20. CRYSTAL OSCILLATOR: Vz = +15V, C, = 12pF, 
C, = 39pF, 18MHz QUARTZ CRYSTAL 


Conclusion 


The HA-5033 is a high performance integrated circuit 
presently being utilized in a wide variety of applications. This 
paper has provided additional information to aid designers in 
applying the HA-5033 video buffer in future applications. 
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Authors: Wes Kilgore and Brian Mathews 


Introduction 


The following text describes the basic test procedures that 
can be used for most Harris Op Amps. Note that all 
measurement conversions have been taken into account in 
the equations stated. 


1. Offset Voltage 


The offset voltage (Vico) of the amplifier under test (AUT) is 
measured via Test Circuit 1 as follows: 


. Set V+ and V- supplies to values specified in Table 1, 
Column (1) and Vp¢ to OV. 
. Close S; and So, open S3. 


. Choose: Rr = 50K for non-precision amplifiers. 
Re = 5M for precision amplifiers. 
. Measure voltage at E in volts (label as E;). 
Vio = E; (mV) for Re = 50K, or 
Vio = E, =10 (uV) for Re = 5M 
The gain of this circuit with Re = 50K (Re = 5M) requires the 
output to be driven to 1000 (100,000) times the offset voltage 
necessary to maintain the output of the AUT at OV. Note that 


the AUT output is always identical to Voc. Overall circuit stabil- 
ity is maintained by the adjustable feed-back capacitor Ca. 


2. Input Bias Current 


The bias current flowing in or out of the positive terminal of 
the AUT (Ip+) is obtained using Test Circuit 1 by: 


. Measuring E, as in procedure 1 (use Rg = 100K for JFET 
input devices). 
. Maintain Vpc¢ at OV. 
. Close Sz, open S; and S3. 
. Measuring voltage at E in volts (label as E>). 
Ip, = (E, - Eo) x 100 (nA) for Re = 50K, Rg = 10K, or 
Ip, = (E; - Ea) x 10 (nA) for Re = 50K, Rg = 100K 
The bias current flowing in or out of the negative terminal 
(Ip.) is found by: 
1. Following steps 1 and 2 for Ip+. 
2. Close S;, open S» and S3. 
3. Measuring voltage at E in volts (label as E3). 
lp. = (E; - E3) x 100 (nA) for Re = 50K, Rg = 10K, or 
Ip- = (E, - Es) x 10 (nA) for Re = 50K, Rg = 100K 
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3. Input Offset Current 


Using Test Circuit 1, the input offset current (li¢) of the AUT 
is determined by: 
. Measuring E, as in procedure 1. 
. Maintaining Vpc at OV. 
. Open Sj, So and S3. 
. Measuring voltage at E in volts (label as E,). 
lig = (E; - Eg) x 100 (nA) for Re = 50K, Rg = 10K, or 
lig = (Ey - Eg) x 10 (nA) for Rp = 50K, Rg = 100K 


4. Power Supply Rejection Ratio 


Both positive and negative PSRRs are measured via Test 
Circuit 1. For PSRR+: 

. Close S, and Ss, open S3. 

. Choose: Re = 50K 

. Set Voc = 0, V+ = 10V, and V- = -15V. 

. Measure voltage at E in volts (label as Es). 

. Change V+ to +20V. 

. Measure voltage at E in volts (label as Eg). 


4 
PSRR + = 20 log,,|_!° 


(dB) for Rp= 50K 
E;- = 


Similarly for PSRR-: 
. Follow steps 1 and 2 for PSRR+ above. 
. Set Voc = OV, V+ = +15V, V- = -10. 
. Measure voltage at E in volts (label as E7). 
. Change V- to -20V. 
. Measure voltage at E in volts (label as Eg). 


PSRR - = 20 log4, 


{ 4 
0 __|(dB) for Re = 50K 
E7-E, 


5. Common Mode Rejection Ratio 


The CMRR is determined by adjusting Test Circuit 1 as 
follows: 


1. Close S; and Spo, open S3. 
2. Choose: Rr = 50K 
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3. Set V+ = +5V, V- = -25V, and Voc = -10V. 
4. Measure voltage at E in volts (label as Eo). 
5. Set V+ = 25V, V- = -5V, and Vpc = 10V. 

6. Measure voltage at E in volts (label as Ej). 


2x 10° 
9° -10 


CMRR = 20 logy, (dB) for Re = 50K 


6. Output Voltage Swing 


Test Circuit 2 is adjusted to measure Voyt+ and Voyrt- the 
procedure is: 


1. Select appropriate V+ and V- supply values from Table 1, 
Column 1. 

2. Select specified R, from Table 1, Column 2. 

3. Set Viny = 0.5V. 

4. Measure voltage at E in volts. Voy7, = E (V) 

Similarly Voyrt. is found by: 


1. Selecting specified R, from Table 1, Column 1. 
2. Setting Vin = -0.5V. 
3. Measuring voltage at E in volts. 


Vout: = E (V) 
7. Output Current 


The output current corresponding to the output voltage of 
procedure 6 is found by: 


1. Measuring Vout. and Voyt, as in procedure 6. 


lout= a where R, is from Table 1, Column 2. 
Vout . 
lout= R where Ri is from Table 1, Column 2. 


8. Open Loop Gain 


Both positive (Ayo. +) and negative (Ayo,-) open loop gain 
measurements are determined by adjusting Test Circuit 1. 


For Ayo +: 

1. Close S;, Sp and S3. 

2. Select specified R,; from Table 1, Column 3. 
3. Set Re = 50K. 

4. Set Voc = OV, V+ = +15V, and V- = -15V. 

5. Measure voltage at E in volts (label as E,3). 
6. Set Voc = 10V. 

7. Measure voltage at E in volts (label as Ej,). 


10 
AVOL+ = Ee for Re = 50K 


For Avo: 


1. Follow steps 1, 2, 3, 4, and 5 above. 
2. Set Voc = -10V. 


3. Measure voltage at E in volts (label as E;5). 


10 


A - = =——— (V/mV) for Re = 50K 
VOU Eqg-Exg E 


9. Slew Rate 


Test Circuit 3 is used for measurement of positive and 
negative slew rate. For SR+: 


1. Select specified R,, Ac,, and C, from Table 1, Columns 
4,5 and 6. 


2. Apply a positive step voltage to Vac (refer to data book for 
test waveform). 


3. Observe AV and At at E. A standard approach is to use 
the 10% and 90% points or else the 25% and 75% points 
on the waveform. 


OUTPUT 


10. Full Power Bandwidth 
Full power bandwidth is calculated by: 


1. Measuring slew rate as above in procedure 9. 


2. Measuring Voyt. as in procedure 6. (Typically Voyr, is 
assumed to be the guaranteed minimum Voyr, usually 
10V.) 


FPBW = SR+ 


2™VOUT(PEAK) 


11. Rise Time, Fall Time and Overshoot 


The small signal step response of the AUT is determined via 
Test Circuit 3. The procedure requires: 


1. Selecting the appropriate R,, Ac_, and C, from Table 1, 
Columns 4, 5 and 6. 


2. Applying a positive input step voltage for rise time ta and 
positive overshoot OS+. 


Applying a negative input step voltage for fall time te and 
negative overshoot OS-. 


(Refer to data book for input waveforms.) 
3. Observe output of AUT noting the key points as shown. 
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OVERSHOOT 


(TYP. = 200mV) 


thi tre try tro 


tr = tro -t Vv -V 
lla ea OS = ——— x 100(%) 
te = tro - try FINAL 


12. Settling Time 


Test Circuit 6 is appropriate for settling time (ts) measure- 
ment, the procedure is: 


1. Select R; and Ro such that AUT is at the Ac, stated in 
Table 1, Column 5. 


2. Select Rs and Ry, so that R3 = 2R,; and Ry 2 2Rp with the 
condition that the ratio 


R3 Ry 

—- = =—— be maintained. 

R, Ro 

3. Apply step voltage as specified in data book. 


4. Measure the time from t, (time input step applied) to tp 
(the time Eg settles to within a specified percentage of 
Vout - see data book). tg = to - ty 


NOTE: Clipping diodes of Test Circuit 6 prevent overdrive of oscillo- 
scope. (Recommend fast Schottky diodes.) 


13. Gain Bandwidth Product 
Test Circuit 4 is used for measuring GBP. The procedure is: 


1. Sweep Vij thru the required frequency range. 


2. With a network analyzer view gain (dB) versus frequency 
as below. 


GAIN (dB) 


Ay 


FREQUENCY (Hz) 
fc 
3. At the voltage gain of interest (Ay) determine the corre- 
sponding frequency fc. Note that chosen Ay must be 
greater than or equal to that stated in column 5 of Table 1. 
GBP = A, x fc (Hz) where Ay is in V/V. 


14. Phase Margin (Network Analyzer Method) 


Test Circuit 4 is used to obtain phase margin measurement. 
The procedure is: 
1. Sweep Vj, thru the required frequency range. 


2. Display gain in dB and phase in degrees versus 
frequency on analyzer as shown. 


GAIN (dB) 


FREQUENCY 


S PHASE MARGIN 
PHASE 


3. At a gain of OdB (if Ag, = 1 in Table 1, column 5), record 
frequency f,; and corresponding phase P. 
Phase margin = 180 degrees - P; degrees. 


15. Input Noise Voltage 


Test Circuit 5 is designed for measuring input noise voltage. 
Use of the Quantec Noise Analyzer is recommended to 
obtain measurements at 1Hz bandwidth around a specific 
center frequency. The procedure is: 

1. Set Re = (0 

2. Set circuit card to gain of 10. 

3. Select measurement frequency of interest. 

4. Record noise voltage (label as E,;). Units are nV/VHz.). 


16. Input Noise Current 
Using Test Circuit 5, the input noise current is obtained by: 


1. Measure E,; as above for the desired frequency of 
interest. 


2. Adjust Rg so that Vo > 2E, (label Vo as E,9). 


D D 
_ Ena) ~(E,4)° -4kTRe 
n 3 
Re 


Where K = 1.38 x 10°29 (Boltzmann's Constant) 
T = 300°C (27°C) 


17. Channel Separation (Crosstalk) 


Test Circuit 7 is used to measure channel separation (CS). 
The procedure is as follows: 


1. Apply Viy at the frequency of interest to input of 
channel 1. 

2. Select R, from Table 1, column 4. 

3. Measure Vo}. 

4. Measure Vopo of channel 2. 


Vo2 
100V 


dB 


CS = 20 logy, 
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TABLE 1. 


PARAMETERS TO MEASURE 


SLEW RATE, OS, ta, te 


(1) 
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(5) 
Act 


(6) 
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Test Circuits 


TEST CIRCUIT 1 


Vac e 


Re = 
a la = 
Rierr) = (Re + RyIR, = 
TEST CIRCUIT 2 TEST CIRCUIT 3 


V+ = V- 


QUANTEC NOISE 
ANALYZER 


HP8412A »Vo 
ANALYZER , 
OR EQUIV. : 
i 
I 
I 
I 1 
1 I 
- 
, : 2 
I = I yy - 
— Be ee ee ee ee 4 = Ti 
TEST CIRCUIT 5 oa 
zO 
CHANNEL 1 CHANNEL 2 = 
(INPUT CHANNEL) (LEAKAGE CHANNEL) = 5} 
100k2 100k = 
a. 
” 


Vine 
e Vo1 o Vo2 


Ri Ri 


TEST CIRCUIT 6 TEST CIRCUIT 7 
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Applications of the CA3080 and CA3080A High-Performance 


Operational Transconductance Amplifiers | 
Author: H.A. Wittlinger 


Introduction 


The CA3080 and CA3080A are similar in generic form to 
conventional operational amplifiers, but differ sufficiently to 
justify an explanation of their unique characteristics. This 
new Class of operational amplifier not only includes the usual 
differential input terminals, but also contains an additional 
control terminal which enhances the device's flexibility for 
use in a broad spectrum of applications. The amplifier 
incorporated in these devices is referred to as an 
Operational Transconductance Amplifier (OTA), because its 
output signal is best described in terms of the output-current 
that it can supply: 

Alout 

Aen 

The amplifier's output-current is proportional to the voltage 
difference at its differential input terminals. 


Transconductance 9), = 


This Application Note describes the operation of the OTA 
and features various circuits using the OTA. For example, 
communications and industrial applications including modu- 
lators, multiplexers, sample-and-hold-circuits, gain control 
Circuits and micropower comparators are shown and dis- 
cussed. In addition, circuits have been included to show the 
operation of the OTA being used in conjunction with CMOS 
devices as post-amplifiers. 


Figure 1 shows the equivalent circuit for the OTA. The output 
signal is a current which is proportional to the transconduc- 
tance (gx) of the OTA established by the amplifier bias cur- 
rent (lagc) and the differential input voltage (e)\). The OTA 
can either source or sink current at the output terminal, 
depending on the polarity of the input signal. 


: © lout = Gu(+ein) 
, 9m (MS) = 19.2 lage (MA) 
4 


Ro (MQ) = 7.5/lapc (mA) 


FIGURE 1. BASIC EQUIVALENT CIRCUIT OF THE OTA 
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The availability of the amplifier bias current (Ia~gc) terminal 
significantly increases the flexibility of the OTA and permits 
the circuit designer to exercise his creativity in the utilization 
of this device in many unique applications not possible with 
the conventional operational amplifier. 


Circuit Description 


A simplified block diagram of the OTA is shown in Figure 2. 
Transistors Q,; and Q» comprise the differential input 
amplifier found in most operational amplifiers, while the 
lettered-circles (with arrows leading either into or out of the 
circles) denote “current-mirrors”. Figure 3A shows the basic 
type of current-mirror which is comprised of two transistors, 
one of which is diode-connected. In a current-mirror with 
similar geometries for Qa, and Qg, the current |’ establishes a 
second current | whose value is essentially equal to that of |’. 


INVERTING 
NPUT NON-INVERTING 
5 > INPUT 
AMPLIFIER 
BIAS CURRENT 
5 


V- 
FIGURE 2. SIMPLIFIED DIAGRAM OF THE OTA 


This basic current-mirror configuration is sensitive to the 
transistor beta (8). The addition of another active transistor, 
shown in Figure 3B, greatly diminishes the circuit sensitivity 
to transistor beta and increases the current-source output 
impedance in direct proportion to the transistor beta. 
Current-mirror W (Figure 2) uses the configuration shown in 
Figure 3A, while mirrors X, Y, and Z are basically the version 
shown in Figure 3B. Mirrors Y and Z employ PNP transistors, 
as depicted by the arrows pointing outward from the mirrors. 
Appendix 1 describes current-mirrors in more detail. 
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’ | ’ l 
Qa Qs Qs 
Qa 
v- V- 


FIGURE 3A. DIODE-CONNECTED TRANSISTOR PAIRED WITH 
TRANSISTOR 


at 


FIGURE 3B. IMPROVED VERSION: EMPLOYS AN EXTRA 
TRANSISTOR 


FIGURE 3. BASIC TYPES OF CURRENT MIRRORS 


Figure 4 is the complete schematic diagram of the OTA. The 
OTA employs only active devices (transistors and diodes). 
Current applied to the amplifier-bias-current terminal, lage, 
establishes the emitter current of the input differential 
amplifier Q; and Qs. Hence, effective control of the 
differential transconductance (g)y) is achieved. 


INVERTING 
INPUT , 


NON- 
INVERTING 
INPUT, 


AMPLIFIER 
BIAS-CURRENT 


FIGURE 4. SCHEMATIC DIAGRAM OF OTA TYPES CA3080 
AND CA3080A 


The gy of a differential amplifier is equal to: 


qalo 
2KT 


(see Reference 2 for derivation) where q is the charge on an 
electron, a is the ratio of collector current to emitter current 
of the differential amplifier transistors, (assumed to be 0.99 
in this case), Ic is the collector current of the constant- 
current source (lage in this case), K is Boltzman's constant, 


and T is the ambient temperature in degrees Kelvin. At room 
temperature, gy = 19.2 x Ingo, where gy is in mS and lage is 
in milliamperes. The temperature coefficient of gy, is approx- 
imately -0.33%/°C (at room temperature). 


Transistor Q3 and diode D, (shown in Figure 4) comprise the 
current mirror “W” of Figure 2. Similarly, transistors Q7, Qg and 
Qg and diode Dg of Figure 4 comprise the generic current mir- 
ror “Z” of Figure 2. Darlington-connected transistors are 
employed in mirrors “Y” and “Z” to reduce the voltage sensitivity 
of the mirror, by the increase of the mirror output impedance. 
Transistors Q;9, Qy;, and diode Dg of Figure 4 comprise the 
current-mirror “X” of Figure 2. Diodes Dz and D, are connected 
across the base-emitter junctions of Qs and Qg, respectively, to 
improve the circuit speed. The amplifier output signal is derived 
from the collectors of the “Z’ and “X” current-mirror of Figure 2, 
providing a push-pull Class A output stage that produces full 
differential gy. This circuit description applies to both the 
CA3080 and CA3080A. The CA3080A offers tighter control of 
gm and input offset voltage, less variation of input offset voltage 
with variation of l~agc and controlled cut-off leakage current. In 
the CA3080A, both the output and the input cut-off leakage 
resistances are greater than 1,000MQ. 


10kQ 


o— MULTIPLEXED 
CHANNEL #1 10kKQ 4g 6 |OUTPUT 
INPUT (0) : Co) 
10kQ 150pF 
on 
CHANNEL #2 10kKQg 6 
INPUT (¢ : 
— > V+ = 5V 
V- = -5V 
(NO SUPPLY BYPASSING 
TO TERM 5 SHOWN) 


AMP 1 § laBc 


i. Or& 


DTL OR T2L 


2N4037 
FLIP-FLOP 


FIGURE 5. SCHEMATIC DIAGRAM OF OTAs IN A TWO- 
CHANNEL LINEAR TIME-SHARED MULTIPLEXER 
CIRCUIT 


Applications 
Multiplexing 


The availability of the bias current terminal, l~gc, allows the 
device to be gated for multiplexer applications. Figure 5 shows 
a simple two-channel multiplexer system using two CA3080 
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OTA devices. The maximum level-shift from input to output is 
low (approximately 2mV for the CA3080A and 5mV for the 
CA3080). This shift is determined by the amplifier input offset 
voltage of the particular device used, because the open-loop 
gain of the system is typically 100dB when the loading on the 
output of the CA3080A is low. To further increase the gain and 
reduce the effects of loading, an additional buffer and/or gain- 
stage may be added. Methods will be shown to successfully 
perform these functions. 


In this example +5V power-supplies were used, with the IC flip- 
flop powered by the positive supply. The negative supply-volt- 
age may be increased to -15V, with the positive-supply at 5V to 
satisfy the logic supply voltage requirements. Outputs from the 
clocked flip-flop are applied through PNP transistors to gate the 
CA3080 amplifier-bias-current terminals. The grounded-base 
configuration is used to minimize capacitive feed-through cou- 
pling via the base-collector junction of the PNP transistor. 


Another multiplexer system using the OTAs clocked by a CMOS 
flip-flop is shown in Figure 6. The high output voltage capability 
of the CMOS flip-flop permits the circuit to be driven directly 
without the need for PNP level-shifting transistors. 


MULTIPLEXED 
OUTPUT 


V+ = 10V, V- = -10V 
(NO SUPPLY BYPASSING 
SHOWN) 


FIGURE 6. SCHEMATIC DIAGRAM OF A TWO-CHANNEL 
LINEAR MULTIPLEXER SYSTEM USING A CMOS 
FLIP-FLOP TO GATE TWO OTAs 


A simple RC phase-compensation network is used on the 
output of the OTA in the circuits shown in Figures 5 and 6. 
The values of the RC-network are chosen so that: 


= 
anRO = oMHz. 


This RC network is connected to the point shown because the 
lowest-frequency pole for the system is usually found at this 
point. Figure 7 shows an oscilloscope photograph of the multi- 
plexer circuit functioning with two input signals. Figure 8 shows 


an oscilloscope photograph of the output of the multiplexer with 
a 6Vp.p, sine wave signal (22kHz) applied to one amplifier and 
the input to the other amplifier grounded. This photograph dem- 
onstrates an isolation of at least 80dB between channels. 


ROHS OOO rae SIAN ASIARSS oR ‘ seteierey 
Top THe ‘Multiplexed Bena 4 ‘IVIDiv., . 100us/Div. 
Bottom Trace: Time Expansion of Switching Between 
Inputs; 2V/Div., 5us/Div. 


FIGURE 7. VOLTAGE WAVEFORMS FOR CIRCUIT OF FIGURE 6 


Top Trace: Output; 1V/Div., j00us/Div. 
Bottom Trace: Voltage Expansion of Output; 1mV/Div., 100pus/Div. 


FIGURE 8. VOLTAGE WAVEFORMS FOR CIRCUIT OF FIGURE 6 


Sample-and-Hold Circuits 


An extension of the multiplex system application is a sample- 
and-hold circuit (Figure 9), using the strobing characteristics 
of the OTA amplifier bias-current (ABC) terminal as a means 
of control. Figure 9 shows the basic system using the 
CA3080A as an OTA in a simple voltage-follower configuration 
with the phase-compensation capacitor serving the additional 
function of sampled-signal storage. The major consideration 
for the use of this method to “hold” charge is that neither the 
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charging amplifier nor the signal readout device significantly 
alter the charge stored on the capacitor. The CA3080A is a 
particularly suitable capacitor-charging amplifier because its 
output resistance is more than 1000MQ under cut-off condi- 
tions, and the loading on the storage capacitor during the 
hold-mode is minimized. An effective solution to the read-out 
requirement involves the use of a 3N138 insulated-gate field- 
effect transistor (MOSFET) in the feedback loop. This transis- 
tor has a maximum gate-leakage current of 10pA; its loading 
on the charge “holding” capacitor is negligible. The open-loop 
voltage-gain of the system (Figure 9) is approximately 100dB 
if the MOSFET is used in the source-follower mode with the 
CA3080A as the input amplifier. The open-loop output imped- 
ance (1/gyy) of the 3N138 is approximately 220Q because its 
transconductance is about 4,600uS at an operating current of 
5mA. When the CA3080A drives the 3N138, the closed loop 
operational-amplifier output impedance characteristic is: 


Zo (OPEN-LOOP) 
ouUT = A(OPEN-LOOP VOLTAGE-GAIN) 


= 2202 _ 2200 _ 9 00222 


STORAGE AND PHASE 
COMPENSATION 
NETWORK 


FIGURE 9. SCHEMATIC DIAGRAM OF OTA IN A SAMPLE- 
AND-HOLD CIRCUIT 


Figure 10 shows a “sampled” triangular signal. The lower 
trace in the photograph is the sampling signal. When this 
signal goes negative, the CA3080A is cutoff and the signal is 
“held” on the storage capacitor, as shown by the plateaus on 
the triangular waveform. The center trace is a time 
expansion of the top-most transition (in the upper trace) with 
a time scale of 2us/Div. 


Once the signal is acquired, variation in the stored-signal level 
during the hold-period is of concern. This variation is primarily a 
function of the cutoff leakage current of the CA3080A (a maxi- 
mum limit of 5nA), the leakage of the storage element, and 
other extraneous paths. These leakage currents may be either 
“positive” or “negative” and, consequently, the stored-signal 
may rise or fall during the “hold” interval. The term “tilt” is used 
to describe this condition. Figure 11 shows the expected pulse 
‘tilt’ in microvolts versus time for various values of the compen- 


sation/storage capacitor. The horizontal axis shows three 
scales representing leakage currents of 50nA, 5nA, 500pA. 


Top Trace: Sampled Signal 1V/Div., 20us/Div. 
Center Trace: Top Portion of Upper Signal; 1V/Div., 2us/Div. 
Bottom Trace: Sampling Signal; 20V/Div., 20us/Div. 


FIGURE 10. WAVEFORMS FOR CIRCUIT OF FIGURE 9 


Figure 12 shows a dual-trace photograph of a triangular 
signal being “sampled-and-held” for approximately 14ms 
with a 300pF storage capacitor. The center trace (expanded 
to 20mV/Div.) shows the worst-case “tilt” for all the steps 
shown in the upper trace. The total equivalent leakage 
current in this case is only 170pA (| = C dv/dt). 


Figure 13 is an oscilloscope photograph of a ramp voltage 
being sampled by the “sample-and-hold” circuit of Figure 9. The 
input signal and sampled-output signal are superimposed. The 
lower trace shows the sampling signal. Data shown in Figure 
13 were recorded with supply voltages of +10V and the series 
input resistor at terminal 5 was 22kQ. 


NN 


NI 
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oa 


HOLD PERIOD (us) 
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PULSE TILT (\V) 


FIGURE 11. “TILT” IN “HELD” VOLTAGE vs HOLD TIME 
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Center Trace: Worse Case Tilt; 20mV/Div., 20ms/Div. 


FIGURE 12. “TRIANGULAR-VOLTAGE” BEING SAMPLED BY 
CIRCUIT OF FIGURE 9 


3 
Top Trace: Input and Output Superimposed; 1V/Div., 2us/Div. 
Bottom Trace: Sampling Signal; 20V/Div., 2us/Div. 


FIGURE 13. “RAMP-VOLTAGE” BEING SAMPLED BY CIRCUIT 
OF FIGURE 9 


In Figure 14, the trace of Figure 13 has been expanded 
(100mV/Div. and 100ns/Div.) to show the response of the 
sample-and-hold circuit with respect to the sampling signal. 
After the sampling interval, the amplifier overshoots the 
signal level and settles (within the amplifier offset voltage) in 
approximately ius. The resistor in series with the 300pF 
phase-compensation capacitor was adjusted to 68Q for min- 
imum recovery time. 


100mV/Div., 100ns/Div. 
Bottom Trace: Sampling Signal; 20V/Div., 100ns/Div. 


FIGURE 14. “TRIANGULAR-VOLTAGE” BEING SAMPLED BY 
CIRCUIT OF FIGURE 9 


Figure 15 shows the basic circuit of Figure 9 implemented with 
a 2N4037 PNP transistor to minimize capacitive feedthrough. 
Figure 16 shows oscilloscope photographs taken with the cir- 
cuit of Figure 15 operating in the sampling mode at supply volt- 
age of +15V. The 9.1kQ resistor in series with the PNP 
transistor emitter establishes amplifier-bias-current (lagc) con- 
ditions similar to those used in the circuit of Figure 9. 


2.0kQ 


DTL/TTL CONTROL 
LOGIC 


2N4037 
5V STORAGE AND PHASE 

COMPENSATION 
- NETWORK 


V- =-15V C 
FIGURE 15. SCHEMATIC DIAGRAM OF THE OTA IN A SAMPLE- 


AND-HOLD CONFIGURATION (DTL/TTL CONTROL 
LOGIC) 
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Top Trace: Input and Sampled Output Superimposed; 
100mV/Div., 100ns/Div. 
Bottom Trace: Sampling Signal; 5V/Div., 100ns/Div. 


FIGURE 16. CIRCUIT OF FIGURE 15 OPERATINGIN SAMPLING 
MODE 


Considerations of circuit stability and signal retention require 
the use of the largest possible phase-compensation capacitor, 
compatible with the required slew rate. In most systems the 
capacitor is chosen for the maximum allowable ‘tilt? in the stor- 
age mode and the resistor is chosen so that 1/2nRC = 2MHz, 
corresponding to the first pole in the amplifier at an output cur- 
rent level of 500u/A. It is frequently desirable to optimize the sys- 
tem response by the placement of a small variable resistor in 
series with the capacitor, as is shown in Figures 9 and 15. The 
120pF capacitor shunting the 2kQ resistor improves the ampli- 
fier transient response. 


Figure 17 shows a multi-trace oscilloscope photograph of 
input and output signals for the circuit of Figure 9, operating 
in the linear mode. The lower portion of the photograph 
shows the input signal, and the upper portion shows the 
output signal. The amplifier slew-rate is determined by the 
output current and the capacitive loading: in this case the 
slew rate (dv/dt) = 1.8V/us. 


The center trace in Figure 17 shows the difference between 
the input and output signals as displayed on a Tektronix 7A13 
differential amplifier at 2mV/Div. The output of the amplifier 
system settles to within 2mV (the offset voltage specification 
for the CA3080A) of the input level in 1ps after slewing. 


Figure 18 is a curve of slew-rate versus amplifier-bias-cur- 
rent (lapc) for various storage/compensation capacitors. The 
magnitude of the current being supplied to the storage/com- 
pensation capacitor is equal to the amplifier-bias-current 
(Iagc) When the OTA is supplying its maximum output current. 


Gain Control - Amplitude Modulation 


Effective gain control of a signal may be obtained by 
controlled variation of the amplifier-bias-current (Ijgc) in the 
OTA because its gy is directly proportional to the amplifier- 
bias-current (Iagc). For a specified value of amplifier-bias-cur- 
rent, the output current (I9) is equal to the product of gy and 
the input signal magnitude. The output voltage swing is the 
product of output current (Ig) and the load resistance (R_). 


Top : 
Center Trace: Differential Comparsion of Input and 

Output; 2mV/Div., OV thru Center; 2us/Div. 
Bottom Trace: Input; 5V/Div., 2us/Div. 


FIGURE 17. CIRCUIT OF FIGURE 9 OPERATING IN THE 
LINEAR SAMPLE MODE 


Figure 19 shows the configuration for this form of basic gain 
control (a modulation system). The output signal current (Io) 
is equal to -gy x Vx; the sign of the output signal is negative 
because the input signal is applied to the inverting input 
terminal of the OTA. The transconductance of the OTA is con- 
trolled by adjustment of the amplifier bias current, lage. In this 
circuit the level of the unmodulated carrier output is estab- 
lished by a particular amplifier-bias-current (lagc) through 
resistor Ray. Amplitude modulation of the carrier frequency 
occurs because variation of the voltage Vy forces a change in 
the amplifier-bias-current (la~gc) supplied via resistor Rry. 
When Vy goes positive, the bias current increases which 
Causes a corresponding increase in the gy of the OTA. When 
the Vj, goes in the negative direction (toward the amplifier- 
bias-current terminal potential), the amplifier-bias-current 
decreases, and reduces the gy of the OTA. 
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CARRIER 
FREQUENCY 
Vx ta lo = 9m Vx RL 
AMPLITUDE 
MODULATED 
|p OUTPUT 


47kQ 


MODULATING y. 
FREQUENCY 


FIGURE 19. AMPLITUDE MODULATOR CIRCUIT USING THE OTA 


As discussed earlier, gy = 19.2 x Iago, where gy is in 
millisiemens when lagc is in milliamperes. In this case, l~agco 
is approximately equal to: 


“ar? 
Ru ABC 


lo =-9mVx 


-19.2[V yy — (V-)IV5 
| iy SAS seaeneeinmeentnneneagitanaeeicanceencon 
O Ru 


© 19.2(Vy)(V-) 19.2(Vy)(Vay) 
ON Ry Ry 


There are two terms in the modulation equation: the first 
term represents the fixed carrier input, independent of Viy 
and the second term represents the modulation, which either 
adds to or subtracts from the first term. When Vy is equal to 
the V- term, the output is reduced to zero. 


In the preceding modulation equations the term, 


(19.2)(Vy)-ABS 
M 

involving the amplifier-bias-current terminal voltage (Vagc) (see 
Figure 4 for Vapc) was neglected. This term was assumed to 
be small because Vagc is small compared with V- in the equa- 
tion. If the amplifier-bias-current terminal is driven by a current- 
source (such as from the collector of a PNP transistor), the 
effect of Vagc variation is eliminated and transferred to the 
involvement of the PNP transistor base-emitter junction charac- 
teristics. Figure 20 shows a method of driving the amplifier- 
bias-current terminal to effectively remove this latter variation. 


lf an NPN transistor is added to the circuit of Figure 20 as an 
emitter-follower to drive the PNP transistor, variations due to 
base-emitter characteristics are considerably reduced due to 
the complementary nature of the NPN base-emitter junc- 
tions. Moreover, the temperature coefficients of the two 
base-emitter junctions tend to cancel one another. Figure 21 
shows a configuration using one transistor in the CA3018A 
NPN transistor-array as an input emitter-follower, with the 


three remaining transistors of the transistor-array connected 
as a Current-source for the emitter followers. 


Vx +6V 


AM 
OUTPUT 


+6V 


FIGURE 20. AMPLITUDE MODULATOR USING OTA 
CONTROLLED BY PNP TRANSISTOR 


ay +15V 
512 2 
6V 510 
100kQ 
47kQ +#15V 
+15V oe ek a 
Vu \ CA3018A \ 
(25 
10kQ I 1 
= 1 =~ 2N4037 
= 1 | ed 
+15V ! 
sees 1 te \ 75kQ 
Te +6V 
if po, 


FIGURE 21. AMPLITUDE MODULATOR USING OTA 
CONTROLLED BY PNP AND NPN TRANSISTORS 


The 100kQ2 potentiometer shown in these schematics is used 
to null the effects of amplifier input offset voltage. This potenti- 
ometer is adjusted to set the output voltage symmetrically 
about zero. Figures 22A and 22B show oscilloscope photo- 
graphs of the output voltages obtained when the circuit of Fig- 
ure 19 is used as a modulator for both sinusoidal and triangular 
modulating signals. This method of modulation permits a range 
exceeding 1000:1 in the gain, and thus provides modulation of 
the carrier input in excess of 99%. The photo in Figure 22C 
shows the excellent isolation (>80dB at f = 100kHz) achieved in 
this modulator during the “gated-off” condition. 


Four-Quadrant Multipliers 


A single CA3080A is especially suited for many low- 
frequency, low-power four-quadrant multiplier applications. 
The basic multiplier circuit of Figure 23 is particularly useful 
for waveform generation, doubly balanced modulation, and 
other signal processing applications, in portable equipment, 
where low-power consumption is essential and accuracy 
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requirements are moderate. The multiplier configuration is 
basically an extension of the previously discussed gain- 
controlled configuration (Figure 19). 


To obtain a four-quadrant multiplier, the first term of the 
modulation equation (which represents the fixed carrier) 
must be reduced to zero. This term is reduced to zero by the 
placement of a feedback resistor (R) between the output and 
the inverting input terminal of the CA3080A, with the value of 
the feedback resistor (R) equal to 1/gyy. The output current is 
lo = 9m (-Vx) because the input is applied to the inverting 
terminal of the OTA. The output current due to the resistor 
(R) is V,/R. Hence, the two signals cancel when R = 1/gy,. 
The current for this configuration is: 


Poa eee ens SIL. 
O Ru 


,and Vi, = Vy 

The output signal for these configurations is a current which 
is best terminated by a short-circuit. This condition can be 
satisfied by making the load resistance for the multiplier out- 
put very small. Alternatively, the output can be applied to a 
current-to-voltage converter as shown in Figure 24. 


In Figure 23, the current “cancellation” in the resistor R is a 
direct function of the OTA differential amplifier linearity. In the 
following example, the signal excursion is limited to +10mV to 
preserve this linearity. Greater signal-excursions on the input 
terminal will result in a significant departure from linear opera- 
tion (which may be entirely satisfactory in many applications). 


TIME (50us/DIV.) 
Top Trace: Modulation Input (= 20Vp.p) 
Center Trace: Amplitude Modulated Output; 500mV/Div. 


Bottom Trace: Expanded Output to Show 
Depth of Modulation; 20mV/Div. 


FIGURE 22A. RESPONSE FOR SINE WAVE MODULATION 


TIME (50us/DIV.) 
Top Trace: Modulation Input (20V) 
Bottom Trace: Amplitude Modulated Output; 500mV/Div. 


FIGURE 22B. RESPONSE FOR TRIANGLE WAVE MODULATION 


TIME (50us/DIV.) 


Top Trace: Gated Output; 1V/Div. 
Bottom Trace: Voltage Expansion Of Above Signal 
Showing No Residual; 1mv/Div. 


FIGURE 22C. RESPONSE FOR SQUARE WAVE MODULATION 


FIGURE 22. AMPLITUDE MODULATOR CIRCUIT OF FIGURE 19 
WITH Ry = 40kQ, Vg = +10V 


FIGURE 23. BASIC FOUR QUADRANT ANALOG MULTIPLIER 
USING AN OTA 
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ANALOG MULTIPLIER 
CA3080A 


OP AMP 


CA3741C 0Eout =~ !o Re 


200kQ 


FIGURE 24. OTA ANALOG MULTIPLIER DRIVING A CURRENT- 
TO-VOLTAGE CONVERTER 


Figure 25 shows a schematic diagram of the basic multiplier with 
the adjustments set-up to give the multiplier an accuracy of 
approximately +7 percent full-scale. There are only three adjust- 
ments: 1) one is on the output, to compensate for slight variations 
in the current-transfer ratio of the current-mirrors (which would 
otherwise result in a symmetrical output about some current level 
other than zero); 2) the adjustment of the 20kQ potentiometer 
establishes the gy, of the system equal to the value of the fixed 
resistor shunting the system when the Y-input is zero; 3) com- 
pensates for error due to input offset voltage. 


Procedure for adjustment of the circuit: 


1. a) Set the 1MQ output-current balancing potentiometer 
to the center of its range 

b) Ground the X- and Y- inputs 

c) Adjust the 100kQ potentiometer until a OV reading is 
obtained at the output. 

2. a) Ground the Y-input and apply a signal to the X- 
input through a low source-impedance generator (it is 
essential that a low impedance source be used; this 
minimizes any change in the gy balance or zero-point 
due to the 50uA Y-input bias current). 

b) Adjust the 20kQ potentiometer in series with Y-input 
until a reading of OV is obtained at the output. This 
adjustment establishes the gy of the CA3080A at the 
proper level to cancel the output signal. The output 
current is diverted through the 510kQ resistor. 

3. a) Ground the X-input and apply a signal to the Y-input 
through a low source-impedance generator. 

b) Adjust the 1MQ resistor for an output voltage of OV. 


There will be some interaction among the adjustments and 
the procedure should be repeated to optimize the circuit 
performance. 


OUTPUT 


91kQ 


FIGURE 25. SCHEMATIC DIAGRAM OF ANALOG MULTIPLIER 
USING OTA 


OTA 
CA3080A 


+15V 


FIGURE 26. SCHEMATIC DIAGRAM OF ANALOG MULTIPLIER 
USING OTA CONTROLLED BY A PNP TRANSISTOR 


Figure 26 shows the schematic of an analog multiplier circuit 
with a 2N4037 PNP transistor replacing the Y-input “current” | 
resistor. The advantage of this system is the higher input — 
resistance resulting from the current-gain of the PNP | 
transistor. The addition of another emitter-follower preceed- 
ing the PNP transistor (shown in Figure 21) will further 
increase the current gain while markedly reducing the effect 

of the Vp. temperature-dependent characteristic and the 
offset voltage of the two base-emitter junctions. 


Figures 27A and 27B show oscilloscope photographs of the 
output signals delivered by the circuit of Figure 26 which is con- 
nected as a suppressed-carrier generator. Figures 28A and 
28B contain photos of the outputs obtained in signal “squaring” 
circuits, i.e. “squaring” sine-wave and triangular- wave inputs. 


lf +15V power supplies are used (shown in Figure 26), both 
inputs can accept +10V input signals. Adjustment of this 
multiplier circuit is similar to that already described above. 


500mV/Div., 200us/Div., 
Triangular Input: 700Hz; 5Vp_p to Vy Input 
Carrier Input: 30kKHz; 13.5Vp.p to Vy Input 


FIGURE 27A. 
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500mV/Div., 200us/Div., 
Modulating Frequency: 700Hz; 5Vp.p to Vy Input 
Carrier Input: 21kKHz; 13.5Vp_p to Vy Input 


FIGURE 27B. 


FIGURE 27. WAVEFORMS OBSERVED WITH OTA ANALOG 
MULTIPLIER USED AS A SUPPRESSED CARRIER 
GENERATOR 


The accuracy and stability of these multipliers are a direct 
function of the power supply-voltage stability because the Y- 
input is referred to the negative supply-voltage. Tracking of 
the positive and negative supply is also important because 
the balance adjustments for both the offset voltage and out- 
put current are also referenced to these supplies. 


Linear Multiplexer - Decoder 


A simple, but effective system for multiplexing and decoding 
can be assembled with the CA3080 shown in Figure 29. 
Only two channels are shown in this schematic, but the 
number of channels may be extended as desired. Figure 30 
shows oscilloscope photos taken during operation of the 
multiplexer and decoder. A CA3080 is used as a 10us delay- 
“one-shot” multivibrator in the decoder to insure that the 
sample-and-hold circuit can sample only after the input sig- 
nal has settled. Thus, the trailing edge of the “one-shot” out- 
put-signal is used to sample the input at the sample-and- 
hold circuit for approximately ius. Figure 31 shows 
oscilloscope photos of various waveforms observed during 
operation of the multiplexer/decoder circuit. Either the Q or Q 
output from the flip-flop may be used to trigger the 10us 
“one-shot” to decode a signal. 


ov: 


OV | 


Top Trace: Input to X And Y; 2V/Div., 1ms/Div. (200Hz) 
Bottom Trace: Output; 500mV/Div., 1ms/Div. (400Hz) 


FIGURE 28A. 


OV 


OV 


Top Trace: Input to X And Y; 2V/Div., 1ms/Div. (200Hz 
Bottom Trace: Output; 500mV/Div., 1ms/Div. (400Hz) 
FIGURE 28B. 


FIGURE 28. WAVEFORMS OBSERVED WITH OTA ANALOG 
MULTIPLIER USED IN SIGNAL-SQUARING 
CIRCUITS 
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MULTIPLEXER +5V DECODER +5V 


TRANSMISSION 
MEDIA 


CHANNEL #1 
INPUT 


DECODED 
OUTPUT 


1/2 CD4013A 
FLIP FLOP __ 


oO 


OTA 
CA3080A 


OTA 
CA3080A 


51pF 
CHANNEL #2 

FROM 

INPUT Q@ora 277 


1kQ 


10ms ONE - SHOT 


FIGURE 29. TWO-CHANNEL MULTIPLEXER AND DECODER USING OTAs 


Top Trace: Input Signal; 1V/Div., 20ms/Div. Top Trace: Input Signal; 1V/Div., 20ms/Div. 
Center Trace: Recovered Output; 1V/Div., 20ms/Div. Center Trace: Recovered Output; 1V/Div., 20ms/Div. 
Bottom Trace: Multiplexed Signals; 2V/Div., 20ms/Div. Bottom Trace: Multiplexed Signals; 1V/Div., 20ms/Div. 


FIGURE 30. WAVEFORMS SHOWING OPERATION OF LINEAR MULTIPLEXER/SAMPLE-AND-HOLD DECODE CIRCUITRY (FIGURE 29) 
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Top Trace: Flip-flop O tput 5V/Div., 20us/Div. 
Center Trace: “One-shot” Output; 5V/Div., 20us/Div. 
Bottom Trace: Strobe Pulse At The Collector of Q;; 


0.1V/Div., 20ps/Div. 
FIGURE 31A. WAVEFORMS CONTROLLING DECODER ENABLE 


Top Trace: Strobe Pulse at Q,; 0.5V/Div., 5ms/Div. 
Center Trace: Multiplexed Output With One 
Input at GND; 0.5V/Div., 5ms/Div. 
Bottom Trace: Decoded Output; 0.5V/Div., 5ms/Div. 


FIGURE 31B. WAVEFORMS SHOWING DECODER OPERATION 


500us/Div. 


FIGURE 31C. SAME AS FIGURE 31B BUT WITH EXPANDED 
TIME SCALE 


FIGURE 31. VARIOUS WAVEFORMS SHOWING THE 
OPERATION OF LINEAR MULTIPLEXER 


High-Gain, High-Current Output Stages 


In the previously discussed examples, the OTA has been 
buffered by a single insulated-gate field-effect-transistor 
(MOSFET) shown in Figure 9. This configuration yields a 
voltage gain equal to the (gxy) (Ro) product of the CA3080, 
which is typically 142,000 (103dB). The output voltage and 
current-swing of the operational amplifier formed by this 
configuration (Figure 9) are limited by the 3N138 MOSFET 
performance and its source-terminal load. In the positive 
direction, the MOSFET may be driven into saturation; the 
source-load resistance and the MOSFET characteristics 
become the factors limiting the output-voltage swing in the 
negative direction. The available negative-going load current 
may be kept constant by the return of the source-terminal to 
a constant-current transistor. Phase compensation is applied 
at the interface of the CA3080 and the 3N138 MOSFET 
shown in Figure 9. 


Another variation of this generic form of amplifier utilizes the 
CD4007A (CMOS) inverter as an amplifier driven by the 
CA3080. Each of the three inverter/amplifiers in the 
CD4007A has a typical voltage gain of 30dB. The gain of a 
single CMOS inverter/amplifier coupled with the 100dB gain 
of the CA3080 yields a total forward-gain of about 130dB. 
Use of a two-stage CMOS amplifier configuration will 
increase the total open-loop gain of the system to about 
160dB (100,000,000). Figures 32 through 35 show examples 
of these configurations. Each CMOS inverter/amplifier can 
sink or source a current of 6mA (Typ). In Figures 34 and 35, 
two CMOS inverter/amplifiers have been connected in paral- 
lel to provide additional output current. 
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+6V 


+6V 
14 
INVERTING 
BTING « —) OUTPUT 
NON-INVERTING 8 a i 
INPUT = 
7 
-6V 
1/3 CD4007A 


FIGURE 32. OTA DRIVING CMOS INVERTER/AMPLIFIER IN 
OPEN-LOOP MODE 


The open-loop slew-rate of the circuit in Figure 32 is 
approximately 65V/us. When compensated for the unity-gain 
voltage-follower mode, the slew-rate is about 1V/us (shown 
in Figure 33). Even when the three inverter/amplifiers in the 
CD4007A are connected as shown in Figure 34, the open- 
loop slew-rate remains at 65V/us. A slew-rate of about 1V/us 
is maintained with this circuit connected in the unity-gain 
voltage-follower mode, as shown in Figure 35. Figure 36 
contains oscilloscope photos of input-output waveforms 
under small-signal and large-signal conditions for the circuits 
of Figures 33 and 35. These photos illustrate the inherent 
stability of the OTA and CMOS circuits operating in concert. 


, 40uF 


[tv 


FIGURE 33. OTA DRIVING CMOS INVERTER/AMPLIFIER IN 
UNITY-GAIN CLOSED-LOOP MODE 


1/3 CD4007A 


Precision Multistable Circuits 


The micropower capabilities of the CA3080, when combined 
with the characteristics of the CD4007A CMOS inverter/ 
amplifiers, are ideally suited for use in connection with preci- 
sion multistable circuits. In the circuits of Figures 32, 33, 34, 


and 35, for example, power-supply current drawn by the 
CMOS inverter/amplifier approaches zero as the output volt- 
age swings either positive or negative, while the CA3080 
current-drain remains constant. 


Figure 37 shows a variety of circuits that can be assembled 
using the CA3080 to drive one inverter/amplifier in the 
CD4007A. For greater output current capability, the remain- 
ing amplifiers in the CD4007A may be connected in parallel 
with the single stage shown. Precise timing and thresholds 
are assured by the stable characteristics of the input differ- 
ential amplifier in the CA3080. Moreover, speed vs power 
consumption trade-offs may be made by adjustment of the 
lac Current to the CA3080. The quiescent power consump- 
tion of the circuits shown in Figure 37 is typically 6mW, but 
can be made to operate in the micropower region by suitable 
circuit modifications. 


INVERTING 
INPUT 


NON- aa 
INVERTING OUTPUT 
INPUT 


FIGURE 34. OTA DRIVING TWO-STAGE CMOS INVERTER/ 
AMPLIFIER IN OPEN-LOOP MODE 


pe OUTPUT 


2kQ 
0.332 


(6) INPUT 50uF 0.4uF 
bc a hii 


-6V -6V 


FIGURE 35. OTA DRIVING TWO-STAGE CMOS INVERTER/ 
AMPLIFIER IN UNITY GAIN CLOSED-LOOP MODE 
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Top Trace: Input; 5V/Div., 100ps/Div. 
Bottom Trace: Output; 5V/Div., 100ps/Div. 


FIGURE 36A. LARGE SIGNAL RESPONSE FOR CIRCUIT IN 
FIGURE 33 


Top Trace: Input; 5V/Div., 100ps/Div. 
Bottom Trace: Output; 5V/Div., 100ps/Div. 


FIGURE 36C. LARGE SIGNAL RESPONSE FOR CIRCUIT IN 
FIGURE 35 


Top Trace: Input; 50mV/Div., 1ps/Div. 
Bottom Trace: Output; 50mV/Div., 1,s/Div. 


FIGURE 36B. SMALL SIGNAL RESPONSE FOR CIRCUIT IN 
FIGURE 33 


S S .. 


Top Trace: Input; 50mV/Div., 1ps/Div. 
Bottom Trace: Output; 50mV/Div., 1p1s/Div. 


FIGURE 36D. SMALL SIGNAL RESPONSE FOR CIRCUIT IN 
FIGURE 35 


FIGURE 36. PERFORMANCE OF OTA DRIVING CMOS INVERTER/AMPLIFIER 


Micropower Comparator 


The schematic diagram of a micropower comparator is 
shown in Figure 38. Quiescent power consumption of this 
circuit is about 10uW (Typ). When the comparator is strobed 
“ON”, the CA3080A becomes active and consumes 420uW. 
Under these conditions, the circuit responds to a differential 
input signal in about 8s. By suitably biasing the CA3080A, 
the circuit response time can be decreased to about 150ns, 
but the power consumption rises to 21mW. 


The differential amplifier input common-mode range for the 
circuit of Figure 38 is -1V to +10.5V. Voltage gain of the 
micropower comparator is typically 130dB. For example, a 
5uV input signal will switch the output. 
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V+011 


10 | CD4007A 


12 
OUTPUT 


10uA , 
1.3MQ 13 
V+ =12V 


lied STROBE 


FIGURE 38. SCHEMATIC DIAGRAM OF MICROPOWER COM- 
PARATOR USING THE CA3080A AND CMOS 


10kQ = 
al CD4007A 
FIGURE 37A. ASTABLE MULTIVIBRATOR 
. Appendix | 
1 
R,+ “hall -V-)+V+-Vp Current Mirrors 
T . RCI) es 


V+ The basic current-mirror, described in the beginning of this 
note, in its rudimentary form, is a transistor with a second tran- 
sistor connected as a diode. Figure A shows this basic configu- 
ration of the current-mirror. Qo is a diode connected transistor. 
Because this diode-connected transistor is not in saturation and 
is “active”, the “diode” formed by this connection may be con- 
sidered as a transistor with 100% feedback. Therefore, the 
base current still controls the collector current as is the case in 
normal transistor action, i.e., Ic = B Ip. If a current |, is forced 
into the diode-connected transistor, the base-to-emitter voltage 
will rise until equilibrium is reached and the total current being 
supplied is divided between the collector and base regions. 
Thus, a base-to-emitter voltage is established in Qo such that 


1/3 CD4007A |}, Qs “sinks” the applied current |. 
\- 


\- I lo 
FIGURE 37B. MONOSTABLE MULTIVIBRATOR 


Threshold = iv 


V+ 
4/3 CD4007A t 
Yr 


R, Q2 Q; 
R, +R, 


FIGURE 39A. DIODE - TRANSISTOR CURRENT SOURCE 


If the base of a second transistor (Q;) is connected to the base- 
to-collector junction of Q>, shown in Figure 39A, Q, will also be 
able to “sink” a current approximately equal to that flowing in the 
collector lead of the diode-connected transistor Q>. This 
assumes that both transistors have identical characteristics, a 
prerequisite established by the IC fabrication technique. The 
difference in current between the input current (|,) and the col- 
lector current (lo) of transistor Q;, is due to the fact that the 
10kQ = base-current for both transistors is supplied from |,. Figure 39B 
shows this current division, using a “unit” of base current (1) to 
each transistor base. This base current causes a collector cur- 


FIGURE 37C. THRESHOLD DETECTOR 
FIGURE 37. MULTISTABLE CIRCUITS USING THE OTA AND rent to flow in direct proportion to the B of each transistor. The 
CMOS INVERTER/AMPLIFIERS ratio of the “sinking” current I> to the input current |, is therefore: 
| 
2= B/(B +2). 
1 
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Thus, as B increases, the output current (lo) approaches the 
input current (I,). The curves in Figure 39C show this ratio as a 
function of the transistor B. When the transistor B is equal to 
100, for example, the difference between the two currents is 
only two percent. 


FIGURE 39B. DIODE - TRANSISTOR CURRENT SOURCE. 
ANALYSIS OF CURRENT FLOW 
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TRANSISTOR BETA 


CURRENT TRANSFER RATIO I/1, 


FIGURE 39C. CURRENT TRANSFER RATIO I,/1, vs 
TRANSISTOR BETA 


Figure 39D shows a curve-tracer photograph of characteristics 
for the circuit of Figure 39B. No consideration in this discussion is 
given to the variation of the transistor (Q;) collector current as a 
function of its collector-to-emitter voltage. The output resistance 
characteristic of Q, retains its similarity to that of a single transis- 
tor operating under similar conditions. An improvement in its out- 
put resistance characteristic can be made by the insertion of a 
diode-connected transistor in series with the emitter of Q;. 


“Scale: Horizontal = 2V/Div. 
Vertical = 1mA/Div. 
Steps = 1mA/STEP 


FIGURE 39D. PHOTO SHOWING RESULTS OF FIGURE 39B 


This diode-connected transistor (Q3 in Figure 39E) may be 
considered as a current-sampling diode that senses the emit- 
ter-current of Q; and adjusts the base current Q, (via Qo) to 
maintain a constant-current in l>. Because all controlling tran- 
sistors are operated at relatively fixed voltages, the previously 
discussed effects due to voltage coefficients do not exist. The 
curve-tracer photograph of Figure 39F shows the improved 
output resistance characteristics of the circuit of Figure 39E. 
(Compare Figure 39D and 39F). 


I Io 


Q2 Q3 


FIGURE 39E. DIODE - 2 TRANSISTOR CURRENT SOURCE 
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Conclusions 


The Operational Transconductance Amplifier (OTA) is a 
unique device with characteristics particularly suited to 
applications in multiplexing, amplitude modulation, analog 
multiplication, gain control, switching circuitry, multivibrators, 
comparators, and a broad spectrum of micropower circuitry. 
The CA3080 is ideal for use in conjunction with CMOS ICs 
being operated in the linear mode. 
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Scale: Horizontal = 2V/Div. 
Vertical = 1mA/Div. 
Steps = 1mA/STEP 


FIGURE 39F. PHOTO SHOWING RESULTS OF FIGURE 39E 


Figure 39G shows the current-division within the mirror 
assuming a “unit” (1) of current in transistors (Q5 and Qs). 


The resulting current transfer ratio 
2 
L/l, =< +28 
2. 1 2 : 
B-+2B+2 


Figure 39C shows this equation plotted as a function of beta. 
It is significant that the current transfer ratio (Io/l,) is 
improved by the B* term, and reduces the significance of the 
2B + 2 term in the denominator. 


FIGURE 39G. CURRENT FLOW ANALYSIS OF FIGURE 39E 
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Using the HFA1100, HFA1130 Evaluation Fixture 


Author: Jeff Lies 


General Information 


The HFA evaluation fixture is a special purpose board which 
frees users from the time-consuming task of developing their 
own evaluation hardware. It also serves as an example of 
the type of high frequency layout required by ultra high 
speed op amps. The board makes no provision for easy 
modification to other configurations. Modifications are 
strongly discouraged, since surface mount printed circuit 
pads tend to disintegrate after only a few resolderings. 


The fixture is wired in a gain of +2 as shown in Figure 1. It is 
intended for use in a 50Q environment, so input and output ter- 


FIGURE 1. SCHEMATIC OF HFA1100/30 EVALUATION BOARD 


PULSE 
502 


POWER 


HP8131A OR SPLITTER 


EQUIVALENT 


mination resistors have been incorporated. Figure 2 illustrates 
the typical frequency response of an HFA1100/30 in this fixture. 


Evaluating the HFA1100 


As delivered, the fixture is ideal for evaluating the HFA1100. 
The Vy, and V; connections have no effect, since pins 5 and 
8 are not bonded out on the HFA1100. Figure 3 details a 
setup for evaluating the amplifiers pulse response, while 
Figure 4 illustrates the HFA1100 performance in this setup. 
The scope input trace accurately reflects the amplifier input, 
but the output trace is one-half the amplifier output voltage. 


CH1 Sa; log MAG S dB/ REF -15 dB is -3. 0035 dB 


St Ly 


START 10.000 OOO MHz STOP 3 000.000 O00 MHz 


FIGURE 2. HFA1100/30 FREQUENCY RESPONSE (Ay = +2) 


SCOPE 
TEK11802 OR 
EQUIVALENT 
w/50Q PLUG-IN 


FIGURE 3. CONNECTION FOR EVALUATING HFA1100 PULSE RESPONSE 
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Evaluating the HFA1120 Evaluating the HFA1130 


This fixture is not recommended for evaluation of the No fixture modifications are necessary when evaluating the 
HFA1120. The HFA1120 incorporates balance pins (pins 1 HFA1130. When evaluating unclamped performance, the V,, 
and 5) which are absent on the HFA1100. Pin 1 is and V, inputs may be left floating. An unclamped HFA1130 
unconnected on this fixture, while pin 5 is connected to the _ performs like an HFA1100/20 in that the output is clamped to 
V, terminal. The unequal capacitance on these pins may a default value of approximately +4.2V. Even though the out- 
unbalance the amplifier and prevent any meaningful put swing is less than +4.2V, the default clamp provides fast 
evaluation. overdrive recovery on the HFA11XX family. 


Figure 5 illustrates the HFA1130 clamped pulse response for 
a positive pulse. The set-up for evaluating the clamped over- 
drive recovery time is detailed in Figure 6. This set-up uses a 
slower pulse generator, since input transitions >2ns yield the 
best results. 


INPUT AND OUTPUT: 100mV/DIV INPUT: 200mV/DIV OUTPUT: 100mV/DIV 


5ns/DIV 10ns/DIV 
FIGURE 4. HFA1100 PULSE RESPONSE FIGURE 5. HFA1130 CLAMPED PULSE RESPONSE 


EH136A OR 
EQUIVALENT 


SCOPE 
TEK11802 OR 
EQUIVALENT 


* DUE TO CLAMP w/50Q PLUG-IN 


FIGURE 6. CONNECTION FOR EVALUATING HFA1130 OVERDRIVE RECOVERY 
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HA5020 Operational Amplifier Feedback Resistor Selection 


Author: Steve Jost 


Optimum AC performance of current feedback amplifiers in 
general and of the HA-5020 in particular depends upon 
careful selection of the feedback resistor, Re. The benefit of 
higher usable bandwidth (compared with conventional 
voltage feedback amplifiers) and the ability to control the 
frequency response (by choosing the value of Rf) carries an 
expense in that the design process becomes more compli- 
cated. This is particularly true if an intuitive knowledge of 
how the device will behave in the end application is lacking. 
The purpose of this App Note is to provide a conceptual 
foundation on which this intuitive knowledge can be built. 


The choice of the optimum resistor value depends upon 
design goals for the application subject to conditions of 
closed loop gain, source impedance, and load. As a point of 
reference, typical curves are provided in the data sheet that 
show how the frequency response is affected by closed loop 
gain, feedback resistor value, and load resistance. Source 
impedance, if it is large, becomes a factor only in conjunction 
with capacitance at the inputs. The data sheet curves are all 
generated with a 50Q source impedance. 


To illustrate how one might approach the problem of select- 
ing a feedback resistor based on closed loop gain, consider 
the simple model of Figure 1. Between the inputs is a unity 
gain voltage buffer with non-zero output impedance 
indicated by R;. The transimpedance gain, Rz, is a function 
of frequency having a high DC value that forces I, to zero. 
The model's behavior is influenced by external elements 
consisting of a feedback network (Re and Ra), source and 
load impedances (Reg and R_), and stray capacitance at the 
amplifier's inputs (Cs). 


FIGURE 1. SIMPLE CURRENT FEEDBACK AMPLIFIER MODEL 
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Derivation of the transfer function will confirm that the non- 
zero inverting input impedance, Rj), causes the circuit's 
bandwidth to degrade as the closed loop gain increases, 
while stray capacitance at the negative input gives rise to 
gain peaking particularly at low gains (intuitively, Cg is in 
parallel with Rg causing the gain as determined by the feed- 
back network to increase with frequency). 


Gain peaking due to capacitance at the inverting input is 
most easily dealt with by placing a resistor in series with the 
positive input. If we assume that the stray capacitance at the 
positive input equals the stray at the negative input, we can 
choose Rg equal to the parallel combination of Rr and Re. 
This introduces a pole at the positive input which cancels the 
zero at the negative input, thereby eliminating the gain peak. 
Note that any remaining gain peaking is a result of excessive 
phase shift around the loop. Excess phase shift around the 
loop can be reduced by increasing Rr. 


Bandwidth degradation due to non-zero inverting input 
resistance is also easy to deal with as long as the product of 
the closed loop gain and the inverting input resistance does 
not exceed the optimum value for Rr in unity gain. By solving 
the transfer function for constant bandwidth, we arrive at the 
following equations for Re and Re: 


Re = Reo - Aci * A 
Ry = Re/ (Aci - 1) 
Where, 


Reo is the optimum value for unity gain (10002), 
R, is the inverting input impedance (75Q), and 
Ac, is the desired closed loop gain. 


A comparison between actual measured results in Figures 2 
and 3 provides graphic reinforcement for the utility of these 
equations. Figure 2 illustrates the failure to consider stray 
input capacitance and inverting input resistance, while 
Figure 3 incorporates the lessons learned from analyzing 
our simple model. 


In Figure 2, a family of closed loop gain curves was obtained 
on a representative unit using Rs = 50Q and constant Rr 
(Re = Reg = 10002). The measured stray capacitance at 
either input was 2pF. The results in Figure 3 were obtained 
from the same unit, except that (within the constraints of 
available standard resistor values) Rr and Rg were chosen 
according to the equations above and Rg was chosen to be 
equal to the parallel combination of Re and Rg. 
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One limitation of the above model is that it does not include 
the effects of the load. In general if Ry is 400Q or above, the 
response is independent of the load. If R,_ is less than 400Q, 
the response becomes more damped and the bandwidth 
degrades. Here again the bandwidth degradation can be 
compensated for by lowering the value of Re. 


NORMALIZED GAIN (dB) 


0 12 24 36 48 60 72 84 96 108 120 
FREQUENCY (MHz) 


FIGURE 3. FREQUENCY RESPONSE vs CLOSED LOOP GAIN 
Re = 1000-Ay(752), Rg = Rr II Re, Ry = 4022 


NORMALIZED GAIN (dB) 


TABLE 2. RESISTOR VALUES FOR FIGURE 3 


0 12 24 36 48 60 72 84 96 108 120 
FREQUENCY (MHz) 


FIGURE 2. FREQUENCY RESPONSE vs CLOSED LOOP GAIN 
USING FIXED Rr = 1kQ, Rg = 50, R, = 4022 


TABLE 1. RESISTOR VALUES FOR FIGURE 2 


BW PEAKING 
Re (2) | Rg (Q) | Rs (2) | (MHz) | (dB) 
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Circuit Considerations In Imaging Applications 
(HA-2546, HA-5020, HA-5033, HI-5700) 


Author: Phil Louzon 


Introduction 


Present day image-processing systems perform many 
functions such as low pass filtering and pattern recognition 
in the digital domain. However, as shown in the block dia- 
gram, the analog input signal must first pass through some 
signal conditioning and then be digitized by an A/D before it 
can be manipulated by the Digital Signal Processing (DSP). 


It is these front end components that will set the overall 
dynamic range and resolution of the system and hence the 
detail that can be resolved in the image. This note will 
describe the considerations involved in designing and testing 
the performance of this part of the system. 


Video Format 


RS-170 is a standard video format for monochrome 
television. It was later updated to RS-170A by NTSC to 
cover the requirements for color television broadcasting in 
the U.S. The FCC has control over broadcast video 
standards; but, since imaging processing systems are self 
contained, they do not have to follow a particular standard. 
For example, color cameras might provide three RGB out- 
puts (component video) or a composite NTSC color signal. 
System synchronization schemes could also vary greatly. 


A typical RS-170 image, or frame, is made up of two 
interlaced fields. The first field scanned represents the odd 
numbered lines; the second is the even numbered lines. A 
total of 525 lines per frame will be scanned in 1/30 of a 
second with 485 lines being visible. The number of active 
elements per line, or pixels, varies from system to system 
depending on the desired resolution. 


The RS-170 monochrome composite video signal is shown in 
Figure 1. System timing is controlled by vertical and horizontal 
sync pulses. Horizontal sync controls the line by line timing 
and occurs during the 10.9us blanking period. Vertical sync 


Imaging System Block Diagram 


ANALOG 
IN CONDITIONING 


Copyright © Harris Corporation 1996 


controls the field timing and occurs at 1/60 of a second rate. 
The brightness information for the video image is transmitted 
during the active line time and will vary from the reference 
black level (7.5 IRE) to the reference white level (100 IRE). 


RS-170 normally has an aspect ratio of 4:3. However, 
because of frame buffer memory and DSP requirements 
many image-processing applications will use a 1:1 aspect 
ratio. Figure 2 depicts the resulting picture and timing require- 
ments for a RS-170 video with a 1:1 aspect ratio. The active 
line time is 39.44us centered with 6.575us of “inactive” time 
on either side. Notice that for 512 active pixels per line and 
485 lines one frame of digitized video information will fit into 
248,320 of memory. 


(1 IRE = 7.41mV) 


IRE UNITS ACTIVE LINE TIME 


400 —a—— 52.5918 ———» 


0.286V -20 


a 
— >| 10.9us — 


<—_———— 63.491 ————> 


FIGURE 1. STANDARD RS-170 COMPOSITE VIDEO SIGNAL 


ANALOG 
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<< 52.598 ———> 


|<— 39.44us —>| 


RS-170 
ACTIVE VIDEO 
525 485 FOR 1:1 4:3 ASPECT 
LINES LINES ASPECT RATIO RATIO 
Pai 


| 


| ; 512 | 
PIXELS 


FIGURE 2. MODIFIED RS-170 VIDEO 


Circuit Design Considerations 


The analog waveforms seen by the signal conditioning front 
end to an image-processing system can be classified as 
small signal or large signal. The appropriate analysis should 
be used in each case. A good rule of thumb is to say any 
signal of less then a 1Vp.p, like RS-170 video, should be 
considered as small signal. 


THIS LINE 
SCANNED 


women Ci 1 
OUTPUT TIME 
eeetieal 
PIXEL RATE 


FIGURE 3. VIDEO 


Figure 3 is an example of a worst case light pattern that might 
be seen by a small section of a Charge Coupled Device (CCD) 
array inside a video camera. Each square represents an indi- 
vidual pixel. The rate at which these pixels are scanned will 
determine the bandwidth requirements. If it takes 39.44ms to 
scan the 512 active pixels, then the pixel clock rate would be 
12,981,174 elements per second. The video signal is a square- 
wave with a fundamental at half the pixel rate of 12,981,174/2 
or 6.4MHz. To pass this signal undistorted would require a 
great deal of small signal bandwidth however, a bandwidth of 
4MHz has been found to be adequate for video. 


Insufficient high frequency response and phase distortion of a 
video signal will result in blurring of the fine detail in a picture 
and the overall image will look darker than normal. Therefore, 
the first requirement for the signal conditioning circuit is that its 
small signal bandwidth needs to be considerably wider than the 
bandwidth of the incoming video. This will ensure a constant 
gain over the frequency band of interest and avoid a loss of 
dynamic range as the input to the A/D rolls off. 


The second requirement is that the system should have zero 
phase shift over its entire frequency range. Because this is 
impractical, a realistic goal is a phase shift that is proportional 


to frequency. That is, the second harmonic should be delayed 
twice as much as the fundamental, the third three times as 
much, and so on. When this occurs all the frequency compo- 
nents will end up having the same amount of time delay 
resulting in a image that is only delayed slightly in time and 
can easily be adjusted for. 


For a single pole system, the attenuation factor and phase 
shift at a particular frequency relative to the f.ggpR can be 


calculated from: 


Acf) = 


f (EQ. 1) 


and 


@(f) = ater | (EQ. 2) 
-3dB 


Taking these error terms into account, the complete equation 
for a sinewave including the effects of the system would now 
be: 


Vit) = A 


x snot + aten( +} 
2 f 3qB (EQ. 3) 


(ee 
-3dB 


In Equation 1, when f equals 4MHzand the attenuation A(f) 
is one 8-bit LSB (0.4%) the required small signal bandwidth 
fgq_ would be 40MHz. The corresponding phase shift at 
4MHz from equation 2 would be 5.7 degrees. 


By the time the video has reached the input to the A/D it has 
been amplified enough so that large signal parameters such as 
slew rate and full power bandwidth (FPBW) have to be consid- 
ered. The required slew rate can be found by taking a conser- 
vative approach and forcing the video signal to slew through its 
range in 25% of the pixel clock. Therefore, if the pixel clock is 
12.98MHz (pixel time is 77ns) and the reference for the A/D is 
4V, then the minimum slew rate required would be: 
4V V 

SRMIN = 025x778 208 Ts 
Now that the slew rate has been determined the minimum 
required full power bandwidth of the signal conditioning block 
and the converter can be calculated from: 


(EQ. 4) 


(EQ. 5) 


Trying to relate the above equation for FPBW to the FPBW 
quoted for a converter should be done with caution by the 
user and requires a knowledge of the way it has been 
defined by the A/D manufacturer. One method used will test 
for the presence of sparkle codes. These are anomalous 
codes that show up when the input slew rate exceeds a 
certain value. The term sparkle code comes from the fact 
they will cause bright pixels in a video display. 


Figure 4 is a plot of a sinewave input to a converter that has 
been digitally reconstructed and shows evidence of sparkle 
codes. The FPBW is then determined from the maximum 
fullscale input frequency that has sparkle free performance. 
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FIGURE 4. RECONSTRUCTED SINEWAVE 


Some manufacturers will quote FPBW as the point in the 
frequency domain where the fundamental is 3dB down from 
the low frequency value. This method will tend to average 
out sparkle codes. Other A/Ds will have the FPBW specified 
as the point where a reconstructed sinewave in the time 
domain is 3dB down from the low frequency value. The user 
must determine if the test method used by the manufacturer 
to determine the quoted FPBW will ensure accurate sparkle 
free performance at their operating frequencies. 


Sparkle codes can also occur if the maximum conversion 
rate of the A/D is exceeded. For example, the HI-5700 is an 
8-bit CMOS flash converter that has datasheet limit for 
conversion rate of 20MHz. However, as is the case for many 
flash converters, by skewing the duty cycle of the sampling 
clock the part can be made to operate at 25MHz and higher. 


The theoretical best dynamic range that can be expected from 
an A/D with n bits of resolution can be calculated from: 
DR(dB) = 20 log (2”) = 6.02(n). An image-processing system 
would be expected to have a dynamic range of at least 36dB 
or about 6 bits. 


In order to make use of the full dynamic range available from 
the converter, the overall system noise should be less than 
the theoretical quantization noise of the converter q/(V12) (q 
is the A/D Isb size). Figure 5 is a typical voltage feedback or 
current feedback op amp circuit that will be used to illustrate 
some basic noise calculations. The voltage noise (Vj) and 
noise current (Ij) sources have been modeled, but the 
Johnson noise of the resistors will be neglected because of 
the low resistor values normally used in high-speed circuits. 


Vout 


HA-5020 


Vn = 4.5nV / VHz 
INN = 25pA / VHz ; Inp = 2.5pA / VHz 


FIGURE 5. OP AMP NOISE MODEL 


The equation for the total RMS noise over the bandwidth of 
interest is: 


Voor = 1.57 X tay X (EQ. 6) 
R2¥ R22 (EQ.7 
(vy)? (1 = =] + (Ry)? x (I) + (Rg)? (Iyp)? (1 re *) ( ) 


Where: 
Vtort is the total RMS noise voltage. 
R, is the feedforward resistor. 
Ro is the feedback resistor. 
Ra is the noninverting input resistor. 
Vw is input voltage noise spectral density. 
INN Is the inverting input current noise spectral density. 
Inp is the noninverting input current noise spectral 
density. 
faw is the bandwidth over the region of interest. 


As is normal for current feedback op amps, the HA-5020 has 
unequal Inj and Inp. 


For the values given in the figure over the 18MHz FPBW speci- 
fied for the HI-5700 8-bit flash A/D the RMS noise Vror is 
found to be equal to 106mV. The peak noise value will be about 
five times this value or 530mV. This is significantly less than the 
4.5mV of quantization noise for an 8-bit ADC with a 4V range. 


This example has shown how to model the noise of a 
opamp. If there are other noise sources present, then the 
total noise can be found by taking the RMS sum of all the 
individual noise sources. 


A wide dynamic range is usually required of a signal 
conditioning block to accommodate large incoming signal 
variations. Automatic Gain Control (AGC) will compensate 
for these variations and allow the user to design with a lower 
resolution A/D. 


The AGC circuit should be considered a control loop, and its 
frequency and phase characteristics plotted. A slow AGC 
loop could compensate for slow offset or gain changes over 
temperature while a faster AGC loop could compensate for 
signal overload conditions. 


There are a number of opinions on where the AGC should be 
applied. An easy way to do it is to vary the reference on the A/D 
depending on signal strength. This will work fine if the converter 
has been thoroughly characterized over the range of reference 
voltages it will see. Unfortunately this is usually not the case. 
Most datasheets will not specify the performance of the con- 
verter versus reference voltage. Therefore, the user is taking a 
significant chance that the part performance will stay the same 
over the life of the system for various manufacturing lots of the 
A/D. The second option is to let the AGC vary the gain of the 
signal conditioning circuitry while leaving the reference to the 
A/D at the value where the performance is guaranteed by the 
datasheet. This approach will guarantee the long term success 
of a circuit. The design section of this note will discuss a tech- 
nique using a multiplier chip to accomplish this. 
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FIGURE 6. DESIGN FOR VIDEO IMAGING FRONT END 


10-76 


Application Note 9313 


System Design 


Figure 6 is a design for a signal conditioning and A/D front end 
to an image-processing system. The video input to the system 
will be assumed to have a positive picture phase. That is, the 
blanking and sync pulses will be the most negative portion of 
the video waveform. When the video is ac coupled, the black 
reference level has to be reinserted prior to the A/D. If this is not 
done, then, as the amplitude of the video signal is reduced, due 
to a reduced contrast image, the blanking level moves more 
positive. The resulting image will now appear a light shade of 
gray, rather than the preferred black level. Also, the DSP 
becomes more sensitive to coupled noise and may for exam- 
ple, during edge detect, show an edge where none exists. 


Figure 7 is a simple circuit to DC restore the video. This cir- 
cuit clamps the most negative point of the signal to -0.7V 
which can now be offset by the HA-2546 to provide a stable 
black level during changing contrast. Another 8-bit 20 MSPS 
converter from Harris Semiconductor, the HI1176, has an 
internal circuit which will clamp the back porch of a video 
signal to a voltage input on the reference pin. 


1uf HA2546 


FIGURE 7. DC RESTORE CIRCUIT 


The HA-2546 is a wideband two quadrant analog multiplier 
which makes the implementation of AGC offset and gain 
correction easy. It is configured in this design to give the 
transfer function: 


OUT “oa "2 
The Vz pin can be used to correct for system offset as long 


as it does not exceed +5V. The initial offset adjustment is set 
by pot Ro. The Vx pin can be used to adjust system gain. 


(EQ. 8) 


U5 is part of a reference circuit in Figure 6 that provides the 
4V reference required by the A/D and the DAC. It is capable 
of 8-bit performance over the industrial temperature range. 
Pot R42 will set the initial overall system gain. 


For the reasons outlined above, it was decided to leave the 
reference to the flash at its nominal datasheet value and let 
the AGC adjust the gain of the signal conditioning 
components prior to the converter. A AD7545 12-bit DAC is 
used as part of a slow AGC loop which uses the Vy pin of 
the HA-2546 to control the gain of the system. 


As illustrated in Figure 8, the feedback loop could be closed 
by a microprocessor using the overflow bit on the HI-5700 
and could compensate for light intensity shifts or 
temperature drift. In order to avoid any glitches the DAC 
should be updated during the vertical retrace period. 


HA-2546 


HI-5700 


AD7545 


FIGURE 8. SLOW AGC LOOP 


The HA-5177 op amp acts as an I/V converter for the DAC. 
Its feedback is set so that at all ones to the DAC the output 
voltage will be -2V which is the maximum voltage that is 
allowed on the Vy pin. At the normal operating point for the 
system the DAC will be at midscale and the overall system 
gain will result in a full scale swing to the A/D. Since the DAC 
is at midscale the system has an equal amount of gain 
correction range up and down. 


The HA-5020 is a high-speed current feedback op amp 
which provides additional gain so that a nominal 1Vp-p sig- 
nal input to the system the HI-57600 flash will see its full OV to 
4V swing. If the sync has been stripped from the video 
before it is digitized [8], then the gain could be adjusted so 
that the video reference black to reference white level will 
span the full range of the converter. 


A high-speed unity gain op amp (HA-5033) buffers the input 
to the HI-5700 and provides the necessary low output 
impedance over frequency required by flash converters. 
Although the HA-5020 can drive the HI-5700 directly, the 
HA-5033 has superior current drive, lower output 
impedance, and better bandwidth. 


The pixel clock of 12.98MHz will usually determine the mini- 
mum sampling rate of the A/D. In order to relax the filter 
requirements on the front end to the system the actual 
sampling rate used in this note is 15MHz. This will be more 
than adequate to cover all established sampling rates 
specified for the various published standards. 


Additional timing circuitry might be added to gate the pixel 
clock so that it is only on during the active line period thereby 
conserving frame buffer memory size. If the system uses an 
interlaced video format then the circuitry could also define 
the even and odd fields of the image frame and update the 
memory accordingly. 


The clock period for the HI-5700 8-bit flash is made up of an 
autozero time and sample time. It was found that the autoz- 
ero time can be reduced down to as little as 15ns while the 
sampling time must remain at 24ns or greater. This timing 
allows the sparkle free operation of the circuit at pixel rates 
up to 25MHz. 
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There are many considerations which have to be taken into 
account when using high speed converters. These involve 
board layout, choosing the right op amp to drive the input, 
and designing a low drift reference. Refer to references 6 
and 7 for a complete discussion of these topics and others. 


Test Results 


The IEEE has various standards which address the type of 
tests that need to be done on a broadcast video system to 
verify the performance of a video A/D and D/A combination 
(codec). Among them are DC linearity, Signal-To-Noise Ratio 
(SNR), bandwidth, and differential phase and gain. Since 
this note deals only with RS-170 monochrome video signals, 
the tests that deal with the color information, such as 
differential phase and gain, are not applicable. Also, adding 
a DAC on the output of the converter in order to use the 
IEEE test methods would tend to cloud its overall perfor- 
mance of the system with the errors of the DAC. Therefore, 
the system will be evaluated using a set of tests that are sim- 
ilar to those recommended by the IEEE but are done by ana- 
lyzing the digital data out of the converter. These tests can 
also be found on a datasheet for a typical flash A/D. Hope- 
fully, as a result of this approach the user will now also be 
able to more intelligently read and compare converter 
datasheets. 


There is a great deal of information in the low frequency 
(30Hz) content of video. Historically, the low frequency 
performance of an A/D has been evaluated by the 
Differential (DNL) and Integral (INL) NonLinearity specs. 
DNL is a measure of the deviation of the code widths from 
the ideal value of one Least Significant Bit (LSB). INL is the 
deviation of the code edges from the ideal transfer curve of 
the A/D. Since the A/D in this system is initially calibrated for 
offset and gain, the line used as a reference will be one 
drawn through the first and last transition point. 


The DNL and INL errors can not be calibrated out and is the 
best accuracy that can be expected of the system. 
Therefore, the INL error should ideally not exceed 1/2 LSB 
so that when it is combined with the inherent 1/2 LSB 
quantizing error of an A/D the total error would not exceed 1 
LSB. A DNL error of more than -1 LSB means a code is 
missing from the transfer curve. An INL error of 1/2 LSB will 
ensure a DNL error of at most 1 LSB. 


Figure 9 shows a plot for the transfer function of a converter 
with DNL and INL errors. The reference curve and the ideal 
transitions are pointed out. Transition point 3 is offset in the 
negative direction by 1/2 LSB therefore the ILE at this point is 
-1/2 LSB. The ILE of all the other transitions is zero. The DLE 
of code 2 is -1/2 LSB and the DLE of code 3 is +1/2 LSB. 


The actual linearity test was done using a histogram 
approach. A triangle wave is input to the system and the 
number of occurrences of each code is kept track of. DNL 
error is then calculated in LSBs from: 


(PC) 


_ EQ. 9 
(P.(i)) 


DNL(i) = 


OUTPUT 
CODE 


REFERENCE 
; * LINE 


111 
110 
101 
100 


011 
7. 


010 " *““*——— IDEAL TRANSITION 
001 


000 


FIGURE 9. A/D TRANSFER FUNCTION 

The ideal probability, P; is a constant and is equal to the 
average of the number of counts per code divided by the 
total number of samples. P,, is the measured probability and 
is equal to the total number of counts for a particular code 
divided by the total number of samples. Once the DNL error 
has been determined the INL error is calculated from the 
sum of the DLE errors. 


A histogram was done on the design discussed in this note 
by inputting a 1Vp.p 5kHz triangle wave, encoding the 
HI5700 at 15MHz, and capturing the digital data. Figure 10 
and Figure 11 are plots of the DNL and INL error for the total 
system indicating an accuracy of better than 7 bits with no 
missing codes. 
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FIGURE 11. INTEGRAL LINEARITY ERROR vs CODE 
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Due to various dynamic effects such as slew rate limiting and 
bandwidth rolloff the static DNL and INL will degrade as the 
input frequency approaches the 4MHz bandwidth requirement 
of video. DNL will show up as an increase in the quantization 
noise which will tend to elevate the noise floor of the A/D. INL 
is a bend in the transfer curve of the converter and will gener- 
ate harmonics. Both result in a loss of dynamic range of the 
system.These effects are usually evaluated in the frequency 
domain by finding the Slgnal-to-Noise-And-Distortion (SINAD) 
in dB. 


The SINAD test requires performing a fourier transform on 
the data obtained by sampling a continuous time input 
waveform. The Discrete Fourier Transform (DFT) can be 
thought of as a frequency selective filter that calculates the 
RMS voltage at a particular frequency and will work for any 
number of samples. 


The coefficient for a particular frequency can be found from: 


N-1 
X y(k) - ¥ x(n) x eJ2mkin/N) 
h=O 
N is the number of samples. 


(EQ. 10) 


n is the time sample index (n = 0, 1, 2, ... , N-1). 


k is the index for the computed frequency components (k=0, 
1, Zyevcgl=1). 


The Fast Fourier Transform (FFT) is an algorithm that will 
compute all the DFT coefficients at one time; but, unlike the 
DFT it will only work for sample sizes that are a power of two. 
The FFT will output the coefficients for N/2 discrete 
frequency bins that will have a resolution of Fsampie/N. 


Once the FFT has been performed SINAD can be calculated 
from: 


RMS 
SIeNAL (EQ. 11) 


SINADAng = 20 og 
a5 RMSNOISE 


Where RMSsianac is the measured RMS signal in the 
fundamental bin and RMSnjojsg is the sum of all other 
spectral components below the Nyquist frequency excluding 
DC. It is important that the distortion components be 
included in this calculation in order to take into account all 
the system errors. 


The Effective Number Of Bits (ENOB) of the system can be 
found by: 


SINAD gp - 1.76 
6.02 


ENOB = (EQ. 12) 


ENOB is a global indication of the accuracy of the system 
and, along with INL and DNL will degrade as the input 
frequency is increased. The low DNL and INL errors indicate 
the excellent low frequency performance of the design. This 
was again verified by inputting a 1Vp_p sinewave at 20kHz, 
encoding the part at 15MHz, and performing an FFT on the 
data. The SINAD was calculated to be 44.5dB for an ENOB 
of 7.1 bits. An indication of the overall low noise in the 
system. 


The high frequency performance of the system was evalu- 
ated by changing the input frequency to 4MHz and again 
performing an FFT. Figure 12 is a spectrum plot of the 
system output. The SINAD for this plot was determined to be 
38.2dB for an ENOB of 6.05 bits. 


0 ny 
| 
| 
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-110 
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FIGURE 12. HIGH FREQUENCY SPECTRAL PLOT OF SYSTEM 
(f; = 4MHz) 


The full power bandwidth and slew rate capability of the 
system was checked by inputting a fullscale sinewave at 
8MHz and sampling it at a 15MHz rate. Figure 13 shows the 
resulting reconstructed waveform. Notice the lack of 
distortion and sparkle codes. 


N 
Ce 


FIGURE 13. RECONSTRUCTED SINEWAVE (f, = 8MHz) 
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Time Division Multiplexed Systems 


This note is mainly concerned with RS-170 type video 
signals. However, it is instructive to briefly discuss the factors 
to consider when dealing with other time division multiplexed 
signals that might be seen from some types of CCD arrays, a 
multiplexed input, or an infrared sensor array. 


The output of CCD arrays many times will have the signal of 
interest riding on a large DC offset. Figure 14 is an example 
of an inverting buffer that can be used to remove large 
offsets. Notice that since resistor R3 sees a virtual ground 
Voffset can take on a value much higher than the supply 
voltage. 


Vin Ry R2 
R3 
VOFFSET 
Vout 
FIGURE 14. INVERTING BUFFER 
The circuit gain can be calculated from: 
Vout = (-Ra/R4)* Vin -(Ro/Rg)xVoreset (EQ. 13) 


The circuits that process large signal pulse type waveforms 
must slew and settle quickly so, as depicted in Figure 15, the 
A/D can then accurately digitize the pixel information. Given 
the ever increasing pixel rates this can become quite a 
challenge. 


OUTPUT 


A/D 
ENCODE 


FIGURE 15. TIME DIVISION MULTIPLEXED SIGNAL 


\ 
\ 
CCD \ \ 
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The overall system settling time is made up of two parts. 
Initially the signal must slew until it enters a region where 
small signal analysis takes over. Similar slew rate 
requirements as discussed in the design considerations 
section apply in this case also. For a single pole system, the 
error will then decay with a time constant determined by the 
small signal bandwidth of the system. The settling time in an 
actual system is very much a function of the circuit parasitics 
and the overall frequency response of the circuit. As such, it 
is difficult to calculate an accurate number beforehand. 
Reference 2 has a more thorough discussion of settling time 
and the calculations involved. 


Additional large signal time domain converter specifications 
such as overvoltage recovery time and transient response 
time become important in these types of applications. As in 
the case of full power bandwidth, there are many ways to 
define these tests so be aware of the method used on the 
datasheet and how it applies to a particular application. 


Once the circuits have settled then the A/D must digitize the 
level it sees at its input. The accuracy with which this can be 
done is a function dynamic range of the system and will be 
determined by the low frequency accuracy of the converter, 
the noise generated in the signal conditioning circuits, and 
the noise added by the converter. The INL, DNL, and low 
frequency SINAD specifications can be used to predict 
performance of the system with a particular converter. 


The HI5800 is a low noise 12-bit 3 MSPS converter that is 
perfect for the applications which require a higher dynamic 
range at slower pixel rates. It is a complete sampling 
converter with on board sample and hold and reference. The 
low frequency (20kHz input) SINAD of typically 70dB reflects 
its outstanding low noise performance. The high frequency 
(1MHz input) SINAD number of 68dB illustrates how the 
performance is maintained at higher input frequencies. 


Conclusion 


This note has discussed the various considerations involved 
in designing the analog front end to an image-processing 
system. A system design was presented and proved to have 
accurate sparkle free performance at typical video 
frequencies.The methodology presented could be used to 
analyze the system requirements for systems with higher 
pixel rates. 
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Harris UHF Pin Drivers 


Author: Taewon Jung 


Introduction 


The HFA5250 [1] and HFA5251 are pin drivers designed for 
use in automatic test equipment (ATE) and high speed pulse 
generators. Pin drivers, especially those with very high- 
speed performance, have generally been implemented with 
discrete transistors (sometimes GaAs) on a circuit board or 
in a hybrid. Recent IC process improvements, specifically 
Harris' UHF1 process [2], have enabled the manufacturing of 
the 500MHz and 800MHz silicon monolithic pin drivers, 
HFA5250 and HFA5251. 


The ultra-high speed performance of HFA5250 and 
HFA5251 is a result of UHF1 process leverages: low para- 
sitic collector-to-substrate capacitance of the bonded wafer, 
low collector-to-base parasitic capacitance of the self- 
aligned base/emitter technology and ultra-high f; NPN 
(8GHz) and PNP (5.5GHz) poly-silicon transistors. 


Functional Block Diagram 


HFA5250 and HFA5251 circuits share the common 
functional block diagram shown in Figure 1. 


FIGURE 1. BLOCK DIAGRAM 


The control inputs, D and D*, determine the output level. If D 
is at logic "1" and D* is at logic "0", the output level will be the 
same as Vuigu. If D is at logic "0" and D* is at logic "1", the 
output will be the same as V; ow. The control inputs, HiZ and 
HiZ*, make the output either active or high-impedance. If HiZ 
is at logic "1" and HiZ* is at logic "0", the output will be in 
high-impedence mode. If HiZ is at logic "0" and HiZ* is at 
logic "1", the output will be enabled. The output impedance 
in the enabled mode is trimmed to 50Q. 


Copyright © Harris Corporation 1996 


Circuit Schematic 


The Pin Driver circuit consists of a switch, an output buffer, 
and two differential control elements as shown in Figure 2. 


A two stage approach, separating the switch from the output 
buffer, allows the speed and accuracy requirements of the 
switch to be decoupled from the load driving capability of the 
buffer. 


The patent pending switch circuitry [3] uses cascaded emit- 
ter followers as input buffers and also to switch the input 
VuiGH and Viow to node VSO. Dual differential pairs con- 
trolled by the data timing (D and D*) direct current to select 
either the Vuigh Or VLow switch. Matching transistor types 
and transdiodes improve linearity and lowers the voltage off- 
set and offset drift. Stacking two emitter-base junctions 
allows the Vuigh to Vow range to be extended to two 
BVebos of the process. The speed of the pin driver is largely 
determined by the current flowing through the switch stage 
and the collector-base capacitance of the output stage tran- 
sistors connected to the node VSO. 


The output stage consists of cascaded emitter followers con- 
structed in a typical push-pull manner as shown in Figure 2. 
However, transdiodes are added to increase the voltage 
breakdown characteristics of the output during high-imped- 
ance mode. HiZ and HiZ* control the mode of the output 
stage. A trimmed, NiCr resistor is added to provide the 50Q 
output impedance. 


Overall, a symmetry of device types and paths is con- 
structed to improve slew and delay symmetry. Both the 
VuiGH to Vout path and the V; ow to Voyt path contain three 
NPN and three PNP transistors operating at similar collector 
currents. Thus the transient response of Viigy to VLow and 
Viow to Viigo are kept symmetrical. Also, a trimmable cur- 
rent reference (not shown) allows the AC parameters to be 
adjusted to maintain unit to unit consistency. 
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FIGURE 2. CIRCUIT SCHEMATIC 


Speed Advantage 


Harris Pin Drivers on bonded wafer technology definitely have 
a speed advantage, coming from the low collector-to-sub- 
strate capacitance and the high fT of the transistors. In addi- 
tion, the patent-pending switching stage which fits uniquely to 
Harris' UHF1 process is another big contributor to the high 
speed. This switching circuitry requires low series resistance 
NPN and PNP transdiodes available in UHF1. The rise and 
fall times of the pin driver are largely determined by the slew 
rate at the node VSO in Figure 2. The dominant mechanism 
for the slew rate is the charging/discharging of the collector- 
base capacitors of the transistors connected to the node VSO. 
The charging/discharging currents are coming from the 
switching stage current sources. The fast rise and fall times 
are achieved because of the negligible collector-to-substrate 
capacitance and the small base-collector capacitance due to 
the self-aligned recessed oxide [2]. 


The D/D* differential stage is not a factor for the speed if its 
current sources have enough current not to bottleneck the 
transient. However it should be noted that the propagation 
delay mismatch is determined by this stage. Sufficient cur- 
rent is allocated to the differential stage current sources to 
best match the low-to-high and high-to-low transient propa- 
gation delays. 


Figure 3 shows various output responses, OV to 1V, OV to 
3V, OV to 5V, and -2V to 7V (full swing). The load condition is 
a 16 inch 50Q SMA cable with a 5pF capacitor at the end of 
the cable. The rise/fall time with 5Vp_p is typically 1.95ns for 
the HFA5250 and 1.45ns for the HFA5251. Pin drivers, built 


with the same circuit structure as shown in Figure 2, can be 
made faster by trimming for a higher power supply current. 
Currently the pin driver has rise/fall times of less than 1ns 
(10% to 90% of 5Vp.p) when Icc is trimmed to 125mA. Fur- 
ther speed enhancement will be made if there is a market 
demand. 
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FIGURE 3. OUTPUT RESPONSE WITH VARIOUS V, ow AND 
Vitich CONDITIONS 


Basic ATE System Application 


Figure 4 shows a pin driver in a typical per-pin ATE system. 
The pin driver works closely with the dual-level comparator 
and the active load. When the DUT pin acts as an input wait- 
ing for a series of digital signals, the pin driver becomes 
active with a logic "0" applied on the HiZ pin and provides 
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the DUT pin with digital signals. When the DUT pin acts as 
an output, the pin driver output will be in high-impedance 
mode (HiZ) with a logic "1" applied to the "HiZ" pin of the pin 
driver. During this high impedance mode the pin driver pre- 
sents a capacitance of less than 5pF to the DUT. Special 
care has to be taken to match the impedance (to 50Q) at the 
pin driver output to minimize reflections. 


The dual level comparator detects the logic levels of the DUT 
pin when it acts as an output. The comparator has two thresh- 
old level inputs, Voy and Vo,. The logic level information of 
DUT pin output is sent to the edge/window comparator 
through the dual level comparator. The edge/window compar- 
ator interprets this information in terms of corresponding tran- 
sient performance in conjunction with the timing information. 
Thus it detects any possible failure transients. 


The formatter sends a sequence of digital information to the 
pin driver which contains logic information over time. The 
active load is enabled when the DUT pin acts as an output. It 
simulates the load of the DUT pin by sinking or sourcing pro- 
grammed current. Finally the sequencer controls the overall 
activities of the automatic testing. 


Decoupling Circuit for Oscillation-Free 
Operation 
To insure the oscillation-free operation in ATE or pulse gener- 


ator applications, the pin driver needs an appropriate decou- 
pling circuit on a printed circuit board which consists of chip 


CLOCK, 
START 


TIMING 


SEQUENCER 


vrai TIMING 


capacitors and chip resistors. Figure 5 and Figure 6 refer toa 
proven decoupling circuit currently working in the lab and a 1X 
scale film of its associated PC board (metal level). 


The control pins, D, D*, HiZ, and HiZ* are fed ECL signals 
through 50Q micro-strip lines terminated with 50Q for imped- 
ance matching since the input impedance at these pins is 
much higher than 50Q. At the end of the micro-strip lines 
there is usually a high-speed pulse generator with an output 
impedance of 50. A 50Q micro-strip line is connected to 
each of the pins, D* and HiZ* through a 50Q chip resistor to 
monitor the pulse signals. 


The two input voltage pins, Viigh and Vi ow, need to be pro- 
tected from any capacitively coupled AC noise. Normally this 
protection can be achieved by having a low pass filter consist- 
ing of a 50Q chip resistor and a 470pF chip capacitor. Without 
this protection circuit the pin driver may oscillate due to signals 
fed back from the output through the PC board ground. 


The power supply pins, Voc1, Veco, Vegi, and Vego, require 
decoupling chip capacitors of 470pF, 0.1pF, 10uF. Having 
decoupling capacitors close to Veco and Vego is essential 
since large AC current will flow through either Voco or Vego 
during transients. 


The output of the pin driver is usually connected to the 
device-under-test (DUT) through 50Q micro-strip line and 
coaxial cable which carries the signal to a high input imped- 
ance DUT pin. 


ACTIVE 
LOAD 


DUAL LEVEL COMPARATOR 


FIGURE 4. TYPICAL ATE SYSTEM 
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470pF 


Vee 
FIGURE 6. 1X FILM OF THE EVALUATION BOARD METAL 
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RF Amplifier Design Using HFA3046, HFA3096, HFA3127, HFA3128 


Transistor Arrays 
Author: Sang-Gug Lee 


Introduction 


This application note is focused on exploiting the RF design 
capabilities of HFA3046/3096/3127/3128 transistor arrays. 
Detailed design procedures, using these transistor arrays, 
for a matched (800MHz to 2500MHz) high-gain low-noise 
amplifier and a 10MHz to 600MHz wideband feedback 
amplifier are described. 


The HFA3046, HFA3096, HFA3127, HFA3128 transistor 
arrays are fabricated in a complementary bipolar bonded 
wafer silicon-on-insulator (SOI) technology, dubbed UHF-1 
[1]. All four products make use of the same die, which has 
both NPN and PNP transistors on it. Figure 1 shows the 
pinouts of the four different products. Typical NPN and PNP 
transistor characteristics are shown in Table 1. 


TABLE 1. UHF-1 DEVICE CHARACTERISTIC 


— (Ic = = 10mA, VcE= = SY, 


fo = 1GHz) 

iPS (Ico o 10mA, VcE = 5V, 
fo = 1GHz) 

NF (Rs = 502, lo = 5mA, 
VcE = SV, fo = 1GHz) 


The SOI process has the advantage of lower DC and AC 
parasitic leakage currents as opposed to junction isolation, 
which leads to good isolation between transistors. Further- 
more, an SOI process provides substantially lower collector 
to substrate capacitance, immunity to any possible latch-up 
between the devices, and superior radiation hardness. 


The HFA3127 is used for the two stage matched (800MHz to 
2500MHz) high-gain amplifier design, while the HFA3O96 is 
used for the 10MHz to 600MHz wideband feedback amplifier. 
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HFA3046 HFA3096 


FIGURE 1. PINOUTS OF HFA3046/3096/3127/3128 SOIC 
PACKAGED TRANSISTOR ARRAYS 


Circuit Design 
High-Gain Low-Noise Amplifier 


One important design requirement for an RF amplifier is the 
accurate control of input and output impedance levels. This is 
especially important if the amplifier is to interface with 
matched source and load impedances. 


Based on S-parameter measurements, for a common-emitter 
configuration, transistors of HFA3127 exhibit a prematched con- 
dition on the input side over a wide range of frequencies. The 
package lead and bond wire inductances for these transistors 
make the input impedance close to 502. For Ic = 5mA - 10mA, 
Vog = 2V - 5V, the input VSWR of Qz and Qs was less than - 
10dB for frequencies of 800MHz to 3000MHz. Furthermore, for 
these transistors, a good output match, output VSWR < -10dB 
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for frequencies 300MHz to 3000MHz, could be accomplished 
through bypassing the collector with a 100Q resistor. As the sin- 
gle stage amplifiers built with Qo and Qs both show good input 
and output matching, they can be cascaded for higher gain 
without requiring an impedance transforming network. Figure 2 
shows the final two stage amplifier. The advantage of this circuit 
is its simplicity. This design does not use any tuning inductors or 
capacitors which would tend to increase the cost of the circuit. 
Furthermore, this circuit accomplishes higher gain by cascading 
two amplifier stages built with integrated transistors. 


FIGURE 2. HIGH-GAIN LOW-NOISE AMPLIFIER REALIZED 
WITH HFA3127 


Figure 3 shows the measured characteristics of the amplifier 
under two different bias conditions: Voc = 3V, Ico = Ios = 5mA; 
and Voc = 5V, Ico = Ics = 10MA. As can be seen from Figure 3, 


the input and output VSWR is less than -10dB for frequencies | 


greater than 800MHz. The amplifier shows better performance 
~ at the expense of higher power dissipation (Io = 10MA and Voc 
= 5V) except the noise figure. For Ico = Ics = 10mA, the ampli- 
fier gains are 18.7, 8.8, and 6.6dB at frequencies of 900MHz, 
1800MHz, and 2200MHz, respectively. 


From Figure 2, the noise figure of the whole circuit is mainly 
controlled by the noise characteristics of the transistor Qs. As 
shown in Figure 3D, this high-gain amplifier demonstrates 
good noise performance. For Ico = Ics = 5mA, the measured 
noise figure is 3.9dB at 9OOMHz, making this useful as a high- 
gain, low-noise amplifier. 

The complete microstrip board layout is shown in Figure 4. A 
0.031 inch thick FR-4 (G-10) glass epoxy board is used for the 
layout. The dielectric constant of the material is 4.7 at 
1000MHz. 


GAIN (dB) 


FREQUENCY (GHz) ‘ 


FIGURE 3A. GAIN 


ARREARS 
i @iaeee 


INPUT VSWR (dB) 


FREQUENCY (GHz) 


FIGURE 3B. INPUT VSWR 


OUTPUT VSWR (dB) 


FREQUENCY (GHz) 
FIGURE 3C. OUTPUT VSWR 


NOISE FIGURE (dB) 


FREQUENCY (GHz) 


FIGURE 3D. NOISE 


FIGURE 3. MEASURED CHARACTERISTICS OF THE HIGH 
GAIN LOW-NOISE AMPLIFIER 
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FIGURE 4. MICROSTRIP BOARD LAYOUT FOR THE HIGH-GAIN 
LOW-NOISE AMPLIFIER 


The key rule for the circuit board layout is to make the physi- 
cal length of the conductors as short as possible where the 
RF signal is involved. Although it seems obvious, it is easy to 
forget that the impedance looking into a microstrip line, that 
has load attached at the end, can be totally different from the 
attached load impedance depending on the length of the 
microstrip line and frequency. Outside the RF signal path, it 
does not matter. 


At RF frequencies, the value of chip resistors, capacitors, 
and inductors should not be taken for granted. In general, 
the smaller the size of the component, the better the perfor- 
mance. However, it is important to evaluate the components 
before use. For the RF frequencies, these components can 
be evaluated easily using a network analyzer by mounting 
them as shown in Figure 5. The SMA connector itself con- 
tributes about 0.7pF of capacitance between the signal and 
ground terminals. 


ger CHIP COMPONENT 


—_—— be 


CUT CENTER 

PINS FLUSH 

TO FLANGE 
—=——_ SMA CONNECTOR 


FIGURE 5. A CHIP COMPONENT MOUNTED ON AN SMA 
CONNECTOR 


Wideband Amplifier 


A well known simple amplifier configuration which achieves 
flat gain and broadband matching without losing excessive 
signal power is shown in Figure 6. The simultaneous use of 
both shunt and series feedback gives rise to broadband 
resistive input and output impedances [2, 3]. 


Figure 7 shows a similar version of the double feedback 
wideband amplifier circuit realized with the HFA3096. This 
design takes advantage of the PNP transistors (Q4 and Qs) 
available on the HFA3096, to bias amplifying transistor Q) 
for good temperature stability. 


Rr 
Vo 


Ri 


FIGURE 6. SINGLE STAGE SHUNT AND SERIES FEEDBACK 
CIRCUIT 


FIGURE 7. WIDEBAND AMPLIFIER REALIZED WITH HFA3096 


The frequency response of the wideband amplifier is shown 
in Figure 8. As can be seen from Figure 8, the amplifier 
shows 10dB of flat gain with 600MHz bandwidth.The input 
and output matching is very good over the range of fre- 
quency where gains are flat. The low frequency performance 
is limited by the 1000pF capacitor. 


The microstrip board layout for the wideband amplifier is 
shown in Figure 9. A 0.031 inch thick FR-4 (G-10) glass 
epoxy board is used for the layout. 
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FREQUENCY (Hz) 


FIGURE 8A. GAIN 


VSWR (dB) 


an 


INPUT VSWR 


107 108 109 
FREQUENCY (Hz) 


FIGURE 8B. INPUT-OUTPUT VSWR 


FIGURE 8. MEASURED CHARACTERISTICS OF THE WIDEBAND AMPLIFIER 


OUTPUT 


FIGURE 9. MICROSTRIP BOARD LAYOUT FOR THE WIDEBAND 
AMPLIFIER 


Summary 


A detailed process of designing a high-gain low-noise and a 
wideband amplifier using the Harris UHF transistor arrays is 
summarized. 


A two-stage, high-gain, low-noise amplifier built with the 
HFA3127 demonstrates 50Q input and output impedance 
over a wide frequency range of 800MHz to 2500MHz without 
the use of external matching networks. The gain at 900OMHz 
is in excess of 17dB with a noise figure of 3.9dB. 


A wideband amplifier built with the HFA3096 demonstrates 
excellent input and output matching with 10dB of constant 
gain. The -3dB bandwidth of this amplifier is 600MHz. PNP 
transistors available on the HFA3096 are used for tempera- 
ture stable biasing of the amplifying transistor. 
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Micropower Clock Oscillator and Op Amps Provide System 
Control for Battery Operated Circuits (HA7210) 


Author: Al Little and James Ho 


The HA7210 low power oscillator is ideal for battery powered 
circuits that require a precision clock. It operates well from a 
single 3V to 5V supply, uses extremely low current, and 
produces a clock output that is very stable over temperature 
and supply voltage. In addition, it requires only an external 
crystal and can operate from under 32kHz to over 10MHz. 


This application note shows how the HA7210 can be used 
with a quad CMOS op amp to make a control circuit that will 
automatically switch a battery-powered digital system into 
micropower "sleep mode" when not in use and trigger the 
system on again when an external event (sound, pressure, 
etc.) is detected. This function is extremely useful for 
applications like remote metering, where a battery-powered 
system may need to record occasional events yet remain in 
a power down state most of the time. 


This control circuit can be configured to turn on with an AC 
or DC coupled event sensor and turn off using either a 
preset time delay or an external digital system command. 
When triggered into the power-up mode, it supplies a 
precision system clock, a buffered analog ground reference 
and a scaling signal amplifier for an A/D converter. In the 
power-down mode, it draws less than 50uA of standby 
current. 


Circuit Operation 


As shown in Figure 1, the control circuit operates from a sin- 
gle 3V to 5V battery and uses only a quad CMOS op amp 
(ICL7642) and a HA7210 low power oscillator chip. Two 
Power-Down Reset options are available: one for a preset 
time delay after turn-on, and another for external digital com- 
mand as explained in the following text. 


R, and Raz create an analog signal ground reference voltage, 
Vref, at 1/2 of the battery voltage. Cz is used to filter noise 
from this high impedance point. The analog reference volt- 
age is then buffered by IC1A and output to the other three 
amplifiers. 


Amplifier B is used as a high-pass filter and amplifier such 
that a fast edge (like a sudden noise into a microphone) will 
produce a large positive swing at the output. Diode D, pre- 
vents the output from moving very much below the analog 
reference voltage. C,; can be determined experimentally 
depending on the application, sensor type, and sensitivity 
required. 
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Amplifier C is used as a comparator and latch. The inverting 
terminal is nominally at the analog reference, Vpr¢r, but the 
non-inverting terminal is lower than Vper due to the 
hysteresis of Rs. In the absence of a microphone/sensor 
signal, the output of amplifier B is also at Vper, so that 
Vrer(Rs/(R4 + Rs)) appears at the non-inverting input of 
amplifier C. 


When the output of amplifier B produces a voltage at the 
non-inverting terminal of amplifier C higher than Vper, the 
output of C latches into the high state. This state cannot be 
changed by any condition at the input of |C1B due to the 
hysteresis provided by Rs. Because the output stage of 
amplifier C is CMOS, it can drive a light load nearly to the 
positive supply rail. 


Voltage from the output of amplifier C is provided to the sup- 
ply and ENable pins of the HA7210 low power oscillator. 
When this happens, the oscillator turns on and provides a 
clock output to the rest of the system. C3 is used as a 
bypass capacitor for the supply pin. If faster oscillator turn-on 
is required, the HA7210 supply pin (pin 1) may be tied 
directly to the battery and the output of amplifier C used to 
enable the HA7210. In this case, the oscillator will draw 
some quiescent current when not in use, but significantly 
lower than when enabled. Capacitance at the output of the 
HA7210 should be minimized to keep the active supply cur- 
rent as low as possible. 


As shown, amplifier D can be used as a scaling amplifier for 
a system A/D converter. Rz and Rg are used to scale the 
gain of the amplifier (G = 1 + Rg/R7). The input of the ampli- 
fier is extremely high impedance, so that any type of high 
impedance sensor may be used. 


Resetting the System 


To put the system back into “sleep mode”, two options are 
available. The digital system can send a logic high state to 
the Reset input, forcing the 1C1C comparator/latch to reset 
to the low state. Alternatively, if desired, an auto-reset RC 
timer (shown in the dotted lines) will cause the circuit to 
automatically reset after a preset time interval. This time is 
determined by the time it takes for the capacitor at the invert- 
ing terminal to charge higher than the voltage at the non- 
inverting terminal of IC1C. 
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Ground Reference 


TABLE 1. HA7210 OSCILLATOR CONTROL INPUTS 
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Improving Start-up Time at 32kHz for the HA7210 Low Power 
Crystal Oscillator 


Author: Robert Rood 


The HA7210 is a very low power crystal-controlled oscillator 
that can be programmed to operate between 10kHz and 
10MHz. In the lowest frequency range setting (FREQ 1 =1, 
FREQ 2 = 1), at 32kHz with a 5V supply and a 40pF load, the 
HA7210 will draw a mere 10uA. In this range (10kHz to 
100kHz), the low power consumption may result in extended 
oscillator start-up time. In higher frequency ranges, power 
consumption gradually increases and start-up time is not an 
issue. Several approaches to address low frequency start-up 
time will be presented. 


The first approach is to use the Enable/Disable Mode Pin. 
This pin, when pulled low, will switch the output to a high 
impedance state while an internal inverter continues to drive 
the crystal in normal oscillation. This will result in a power 
savings because very often a majority of the power dissipation 
is used to drive the output load. In the disabled mode the 
HA7210 will draw only 5A of standby current as compared to 
10uA above. This small amount of standby current gives the 
benefit of instant start-up of a reliable and stable clock. The 
Enable Time of the HA7210 is typically 800ns. 


For applications where the voltage supply is removed from the 
circuit or standby mode is not desired, the time from power 
being applied until a stable square wave is generated can be 
unexpectedly long. It should be noted that 32kHz crystal 
parameters vary significantly from vendor to vendor and can 
greatly affect the HA7210 (or any Pierce Oscillator) start-up 
characteristic. Of particular importance is the Effective Series 
Resistance (ESR) of the crystal, with lower ESR generally 


2V/DIV. 


providing faster start-up times (32kHz crystals with ESR 
greater than 50kQ should be avoided). Using the circuit in Fig- 
ure 1 the start-up characteristic of a 32.768kHz crystal, set in 
the recommended lowest frequency range (FREQ 1 =1, 
FREQ 2 = 1) has a delay of 1.9s as shown in Figure 2. 


Vpp 


ENABLE 


32.768kHz FREQ 2 


CRYSTAL FREQ 1 


, 32-768kHz 
CLOCK 


FIGURE 1. TYPICAL APPLICATION CIRCUIT 


FREQUENCY SELECTION TRUTH TABLE 


TEWABLE | REG’ | FREQ? | OUTPUTRANGE 

a 

a 

a 

a 
: | 


200ms/DIV. 


Vpop = 5V, Ci = 10pF, C2 = 10pF, FREQ 1 = 1, FREQ 2 = 1, CRYSTAL = EPSON (C-001R 32.768K-A) 


FIGURE 2. START-UP CHARACTERISTIC AT 32kHz WITH FREQ 1 = 1 AND FREQ 2 = 1 
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528ms ” 
Vpp = 5V, Cy = 10pF, C2 = 10pF, FREQ 1 = 1, FREQ 2 = 0, CRYSTAL = EPSON (C-001R 32.768K-A) 


FIGURE 3. START-UP CHARACTERISTIC AT 32kHz WITH FREQ 1 = 1 AND FREQ 2=0 


The start-up time can be improved by switching to the next 
higher frequency range setting, where FREQ 1 = 1 and FREQ 
2 = 0. In this setting the voltage that is internally applied to the 
oscillating inverter increases from 1.4V to 2.2V providing more 
power and higher transconductance. This increased power 
comes at the expense of increased supply current. For a 32kHz 
crystal, with Vpp = 5V and a 40pF load the FREQ 1 = 1, 
FREQ 2 = 0 setting will draw 30MA as compared to 10MA for 
the FREQ 1 = 1, FREQ 2 = 1 range setting. Another concern 
when using the next higher range is that the internal 15pF crys- 
tal loading capacitors are disconnected. This means that the 
user must provide external crystal loading capacitors for the 
crystal to start properly in the higher range. The minimum val- 
ues for Cy and Co to provide reliable start-up was found to be 
10pF each. The start-up time in the FREQ 1 = 1, FREQ2=0 
mode is shown in Figure 3 at 528ms, significantly faster than 
the FREQ 1 = 1, FREQ 2 = 1 setting. 


Vpp 

0.1pF 

| l HA7210 

Ci 0.22uF 
32.768kHz Cr2 
CRYSTAL 

C2 10pF , 32.768kHz 

CLOCK 


FIGURE 4. FAST START-UP AT 32kHz WITH NO SUPPLY 
CURRENT PENALTY 


2V/DIV. 


200ms/DIV. 


How can the benefits of faster start-up be gained without the 
penalty of increased supply current? A solution to this prob- 
lem is provided with the addition of a single capacitor Cro as 
shown in Figure 4. 


The digital inputs (ENABLE, FREQ 1, FREQ 2) provide internal 
pull-up devices. These P-Channel devices provide 0.4uA of 
current to insure that an input will go to the “1” state if left open. 
This pull-up current is used to charge a 0.22uF capacitor (Cro) 
connected to the FREQ 2 pin. At power-up Cro has zero 
charge and holds FREQ 2 “low’, (FREQ 1 = 1, FREQ 2=0) so 
that the HA7210 will give a fast start-up. Then the 0.4u/A pull-up 
current will slowly charge Cro until it reaches a “high” state 
(FREQ 1 = 1, FREQ 2 = 1) and the part draws lower supply cur- 
rent. The FREQ 2 pin must be held low until the oscillation has 
fully started to insure a start-up time improvement. The digital 
input threshold is about 1.5V, providing a delay determined by: 


adv ~ (0.22uF)(1.5V) 
it | he iA 


The results are shown in Figure 5. Notice that CH 2 doesn't 
go all the way to 5V as expected. This is due to the 10MQ 
scope probe loading the 0.4uA current source. This probe 
loading also causes CH 2 (FREQ 2 pin) to have an RC 
shape rather that the expected linear trace. 


= 0.825s 


In summary, start-up time is an important consideration in the 
design and crystal selection for low frequency crystal oscilla- 
tors. This Application Note describes several alternatives to 
improve start-up time utilizing unique features of the HA7210 
while taking advantage of its extremely low supply current. 


568ms 


2V/DIV 


200ms/DIV 


FIGURE 5. START-UP CHARACTERISTIC AT 32kHz WITH SPEED-UP CIRCUIT 
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Feedback, Op Amps and Compensation 


Ron Mancini 


Introduction 


There are many benefits [1] which result from the use of 
feedback in electronic circuits, but the drawbacks are the 
increased complexity of the calculations and the opportunity 
for the resulting circuit to ring or oscillate. This paper employs 
graphical techniques to simplify stability calculations, thus 
enabling the designer to achieve a stable, well behaved circuit 
which meets all reasonable performance criteria. Now the 
designer can obtain the advantages of feedback without 
worrying about ringing or oscillation. 


Development of the General Feedback Equation 


Referring to the block diagram shown in Figure 1, Equation 1, 
Equation 2 and Equation 3 can be written by inspection if it is 
assumed that there are no loading concerns between the 
blocks. The no loading assumption is implicit in all block dia- 
gram calculations, and this requires that the output imped- 
ance of a block be much lower than the input impedance of 
the block it is driving. This is usually true by one or two orders 
of magnitude. Algebraic manipulation of Equation 1, Equation 
2 and Equation 3 yield Equation 4 and Equation 5 which are 
the defining equations for a feedback system. 


Vo = EA 

E=V\- BVo 

Ba V/A 

Vo/V, = A/(1 + AB) 
E/V, = 1/(1 + AB) 


FIGURE 1. FEEDBACK SYSTEM BLOCK DIAGRAM 


The parameter A, which usually includes the amplifier and 
thus contains active elements, is called the direct gain in this 
analysis. The parameter B, which normally contains only 
passive components, is called the feedback factor. Notice 
that in Equation 4 as the value of A approaches infinity, the 
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quantity AB, which is called. the loop gain, becomes much 
larger than one; thus, Equation 4 can be approximated by 
Equation 6. V0/V, is called the closed loop gain, and since 
the direct gain, or the amplifier response, is not included, the 
equation for the closed loop gain it is independent of ampli- 
fier parameter changes. This is the major benefit of feedback 
circuits. 


Vo/V| oa 1/B for AB >> 1 (EQ. 6) 


Equation 4 is adequate to describe the stability of any feed- 
back circuit because all feedback circuits can be reduced to 
the this form through block diagram reduction techniques [2]. 
The stability of the feedback circuit is determined by setting 
the denominator of Equation 4 equal to zero. 


1+AB=0 
AB = -1 = 111 /-180 


(EQ. 7) 
(EQ. 8) 


Referring to Equation 4 and Equation 8, it is observed that if 
the magnitude of the loop gain, AB, can achieve one while 
the phase equals -180 degrees, the closed loop gain 
becomes infinity because of division by zero. Since this state 
is unstable, the circuit will oscillate, and it will oscillate at the 
frequency where the phase shift equals to -180 degrees. If 
the loop gain at the frequency of oscillation is slightly greater 
than one it will be reduced to one by the reduction in gain 
suffered by the active elements as they approach the limits 
of saturation, but if the value of AB is much greater than one, 
gross nonlinearities can occur and the circuit may then cycle 
between saturation limits. Preventing instability is the 
essence of feedback circuit design, thus this topic will be 
touched lightly here and covered in detail later. A good start- 
ing point for discussing stability is finding an easy method to 
calculate it. Figure 2 shows that the loop gain, AB, can be 
calculated from a block diagram by opening current inputs, 
shorting voltage inputs, breaking the loop and calculating the 
response to a test input signal. 


Vio/Vr1 = AB (EQ. 9) 


The block diagram techniques can be applied to op amps 
thus reducing the stability analysis to a simple task. The 
schematic for a non-inverting amplifier is shown in Figure 3, 
and the block diagram equivalent is shown in Figure 4. 
Equation 10 and Equation 11 are combined to yield Equation 
12 which describes the block diagram shown in Figure 4A, 
while block diagram transformations [3] are employed to get 
to Figure 4B. 
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FIGURE 2. BLOCK DIAGRAM FOR COMPUTING THE LOOP 


GAIN 
Vo = a(V, - Vp) (EQ. 10) 
Ve = VoZ/(Z; + Zo); Ig = 0 (EQ. 11) 
Vo = aV, - AZ;Vo/(Zy + Ze) (EQ. 12) 


FIGURE 3. NON-INVERTING CIRCUIT 


The block diagram shown in Figure 4A is written by inspec- 
tion of Equation 12. The block diagram shown in Figure 4B is 
derived from Figure 4A by block diagram manipulations. 
Equation 13 is derived from Equation 12 by algebraic manip- 
ulation, or it can be written by inspection of Figure 4B 
because the system is shown in standard form. 


Va 


V; Vo 


Z4(Z4 + Zp) 


FIGURE 4A. BLOCK DIAGRAM AS WRITTEN FROM EQUATION 12 


z a 


Zs/(Zy + Za) 


Vi S Vo 


FIGURE 4B. AFTER BLOCK DIAGRAM MANIPULATION 


FIGURE 4. BLOCK DIAGRAM OF THE NON-INVERTING OP 
AMP AS SHOWN IN EQUATION 12 


Vo/V, = al(1 + aZ, / (Z, + Zo) (EQ. 13) 


_The loop gain, AB, is equal to aZ,/(Z;+Z5), the closed loop 


gain, 1/B, is equal to (Z;+Z5)/Z;, and the direct gain, A, is 
equal to the op amp gain, a. The loop gain can be deter- 
mined from Figure 4B by inspection, or if the system block is 
not available the loop gain can be obtained directly from the 
amplifier schematic as shown in Figure 5. First set voltage 
sources to zero by grounding them, then open current 
sources, break the feedback loop at any convenient place 
and then calculate the loop gain. Remember, the output 
impedance of the op amp must be much lower than the feed- 
back impedance so that block diagram techniques can be 
used. The test input is V+), and it is amplified by the op amp 
gain, a. The op amp output, aV7, is divided by B before it is 
fed back as Vyo. 


Z2 
AV7)\2Z4/(Z; + Z>) 


2; 


FIGURE 5. NON-INVERTING OP AMP WITH INPUT GROUNDED 
AND FEEDBACK LOOP BROKEN 


Vto = om = AB 
Voy Z, +Zy 


(EQ. 14) 


Referring to the inverting op amp configuration shown in 
Figure 6, the analysis will be performed by working from the 
amplifier circuit to the block diagram. The closed loop gain 
equations are derived in references one and six as well as 
most electronic text books. The closed loop gain which is 
equal to 1/8 is known to be -Z,/Z,; thus, B is calculated as 
Z,/Z> with the minus sign indicating a negative input. Refer- 
ring to Figure 6, if V, is set to zero and the loop is broken at 
the negative input to the op amp the circuit is identical to that 
shown in Figure 5. 


FIGURE 6. INVERTING OP AMP SCHEMATIC 


An examination of Figure 5 and Figure 6 reveals that the loop 
gain, Af, is identical for both the inverting and non-inverting 
circuit configurations. The loop gain is the only parameter that 
determines stability, and it is not a function of the location of 
the inputs. Hence the loop gain for the inverting op amp is 
given to us by Equation 14. Now that AB and 1/B are both 
known, A can be determined by multiplication to be aZ,/ 
(Z; + Zp). Since the direct gain and the loop gain are both 
known Figure 7 can be constructed from these quantities. 
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FIGURE 7. BLOCK DIAGRAM OF THE INVERTING OP AMP 


Equation 15, which is the closed loop gain equation for an 
inverting op amp can be written directly from Figure 7. As (a) 
approaches infinity in Equation 15, the closed loop gain 
approaches -Z,/Z,. 


pen tess (EQ. 15) 


The closed loop gain for the non-inverting circuit, Vo/ 
V, = (2 + Zo)/Z;, is different from the closed loop gain for the 
inverting circuit, Vo/V, = -Z2/Z;. It will always be the case that the 
loop gain, hence the stability, is independent of the location of the 
inputs, but the closed loop performance is highly dependent on 
the placement of the input. Many circuits take advantage of this 
phenomena to gain better performance as will be shown in the 
benefits section. 


(EQ. 16) 


Comparing the block diagrams of the non-inverting and 
inverting circuits reveals that their direct gains are different, 
and this explains why there are some slight performance dif- 
ferences between the configurations. The non-inverting cir- 
cuit with the higher direct gain has less closed loop error; at 
a Closed loop gain of 2 for both circuits the non-inverting cir- 
cuit has a 3.5dB more loop gain. The inverting circuit is more 
stable for the same magnitude of closed loop gain; i.e., for a 
closed loop gain of 2, ABjyy = 0.33a and ABnon-iny = 0.5a. 
Normally these differences are minor, but they are pointed 
out because they may be taken advantage of or they can 
cause very subtle problems in unique situations. 


ANON-INV = a; which is # to Ainy = aZo/(Zy + Zo) 


There are many other op amp circuit configurations, but they 
will all reduce to these two basic forms; each of which is a 
variation of the basic feedback circuit shown in Figure 1. Let- 
ting Z; and or Z> equal various combinations of RLCs will 
give different closed loop performance, but the analysis tech- 
niques remain the same. More complicated circuit configura- 
tions can all be reduced to these simple circuits through 
block diagram reduction techniques and superposition. 


Benefits of Feedback 


The tolerances and drift coefficients of passive components 
are much less than those associated with active compo- 
nents. If the circuit transfer function can be made to be 
dependent only on the passive component parameters it will 
be a much more stable circuit; feedback accomplishes this 
through the direct gain as shown here. Differentiating the 
closed loop Equation 4, with respect to the direct gain yields 


Equations 17 and Equation 18 shown below. Notice that the 
percentage change in the closed loop gain is the percentage 
change in the direct gain divided by the loop gain. Thus for 
very high loop gains the initial accuracy and drift will be a 
function of the passive components rather than of the direct 
or amplifier gain. Although the feedback reduces the gain 
errors, other amplifier errors such as input voltage offset are 
not affected by the feedback because they occur as an input 
rather than within the feedback loop. 


dVA/V V 
Ss P= a 5 = GTA - eo (EQ. 17) 
(1 + AB) 
dVA/V 
Oo’) dA 1 (EQ. 18) 


VoV, A (1+AB) 
All amplifiers have noise and distortion characteristics asso- 
ciated with them, and low noise or low distortion amplifiers 
command a premium price. Very often feedback can be used 
at no cost increase to reduce the effects of distortion and 
noise. Both closed loop and open loop systems are shown in 
Figure 8 and Figure 9; notice that both systems have the 
same number of components except for the passive feed- 
back elements. 


FIGURE 8. CLOSED LOOP SYSTEM 


FIGURE 9. OPEN LOOP SYSTEM 


Equation 19 and Equation 20 are derived from the closed 
loop and open loop systems shown in Figure 8 and Figure 9. 
lf Equation 19 is rewritten as shown in Equation 21 it is obvi- 
ous that Equation 22 results when the quantity A,A> 
approaches infinity as it will in an ideal system. 


A,An(Vj+Vo) AoW, Vo 
O~ “T+A,A,B — 1+A,A,—B 1+A,A;B aa 
VitV V,/A V,/A,A 
_ 1* Yo erry la ali 
Vo = T7(A,Ap)#B* 71A,Ap)#B TAA, +B (EO 21) 
Vi+Vo V/A, 
Vo = 5 + 5 For AyA> approaching infinity (EQ. 22) 


10-95 


- 
Y 
oa 
ni el 
j— WW 
oa 
zO 
o= 
oO wi 
<O 
ou 
n” 


Application Note 9415 


Now let Vo and V, represent the amplifiers internal noise 
referred to the input, and let V> represent the noise from the 
any other system components. Notice from Equation 22 that 
in the closed loop system V5 has disappeared, Vj, is 
decreased proportional to the gain A, and that the input 
noise has only been multiplied by the closed loop gain, 1/B. 
Conversely, Equation 20 indicates that in the open loop sys- 
tem the input noise has been multiplied by A,Ap (which 
would be equivalent to the closed loop gain), that V; is multi- 
plied by A> and that Vp» is present. The feedback in the 
closed loop system has dramatically reduced the noise from 
the sources which follow the amplifier A; so this can become 
a big design advantage. In the closed loop system the ampli- 
fier A; should be selected for it’s excellent noise perfor- 
mance, but the amplifier A> can be selected based on some 
other criteria such as cost. This option is not available in the 
open loop system. 


Very often when driving low impedances like speakers, the 
output amplifiers are driven as close to the power supply 
rails as possible to obtain the maximum dynamic range. One 
result of this practice is that some distortion of the signal 
occurs as active device parameters are driven so that they 
become nonlinear. This and most other sources of distortion 
usually occur in the output stages of the amplifier. Because 
the distortion occurs at the output it can be represented by 
V> in Equation 19, and this quantity goes to zero as the 
direct gain approaches infinity, so it is essentially eliminated 
by feedback. The connection from the speaker driver output 
to the preamplifier input in audio amplifiers is there to pro- 
vide the feedback which reduces the amplifier’s distortion 
when the amplifier is driven to its limits. Some amplifiers 
such as guitar amplifiers purposely introduce distortion into 
the sound, so open loop amplifiers are used in these cases, 
but closed loop amplifiers are usually employed in high fidel- 
ity applications. 


If the noise source, V;, is set to zero in Equation 22, then the 
amplifier input noise represented by Vo is multiplied by the 
closed loop gain 1/8. There is a method to further reduce the 
effects of Vo by using frequency discrimination methods. If 
Vo is examined as a function of frequency, it will be noticed 
that the noise is made up of many different frequency com- 
ponents, see Figure 10. 


dB 
IDEAL FILTER 
NOISE REMOVED 
SIGNAL 
NOISE ananhan 
® 
® 
0 dB : F 
® 
100Hz % 10KHz *, 
® ® 


FIGURE 10. INSERTING AN IDEAL FILTER IN THE TRANSFER 
FUNCTION REDUCES NOISE 


The signal of interest has a finite bandwidth, and if the noise 
bandwidth is larger than the signal bandwidth, the noise can 
be reduced by making the loop gain a function of frequency. 
Assuming that the noise bandwidth is 10KHz and that the 
signal bandwidth is 100Hz, the noise beyond 100Hz can be 
reduced to a minimum if 1/B is reduced to zero beyond 
100Hz. One method available to accomplish this bandwidth 
reduction is through the ideal filter inserted in the closed 
loop, as shown in Figure 10. This filter can be approximated 
with passive components. 


The input and output impedance of the closed loop circuit 
can be controlled by the amount of feedback and by the cir- 
cuit configuration [4]. Through the use of feedback it is pos- 
sible for the same amplifier IC to appear to have an output 
impedance approaching zero or approaching _ infinity, 
depending on the circuit configuration employed. 


Another interesting aspect of feedback systems is that if a 
function is put in the feedback loop, in a manner similar to 
the feedback factor, B, the inverse function will appear at the 
output. 


Graphical Representation of the Feedback Equation 


The mathematical manipulations required to analyze a feed- 
back circuit are complicated because they involve multiplica- 
tion and division; H. W. Bode [5] developed a technique called 
a Bode plot which simplifies the analysis through the use of 
graphical techniques. The Bode equations are log equations 
which take the form of 2OLOG(F(t)) = 20LOG(IF(t)I) + phase 
angle. Since these are log equations, the terms which were 
multiplied and divided can be now added and subtracted; 
thus, they can easily be solved graphically as will be shown. 
The transfer function for the integrator shown in Figure 11 is 
given in Equation 23. 


FIGURE 11. INTEGRATOR CIRCUIT 


“‘o. 4 
Vy ~ (1+RCs) 


Where s = jw and j = v(-1) 


The magnitude of the transfer function is given by the equa- 
tion IVo/V;I = 1/V(1+(RC@)2). The approximate magnitude 
or IVo/V)| =1 when w = 0.1/RC, |Vo/V\| = 0.707 when w =1/ 
RC and |V)/V;| = 0.1 when w = 10/RC. These values are 
plotted in Figure 12 using straight line approximations. 


(EQ. 23) 
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@ =0.1/RC @® = 1/RC 
0dB 


-3dB]  ___  ™ | 


/ -20dB/DECADE 


@ = 10/RC 


-20dB 
0 DEGREES 


-45 DEGREES 


PHASE SHIFT 20LOG(IVo/Vj!) 


-90 DEGREES 


FIGURE 12. BODE PLOT OF INTEGRATING CIRCUIT 
TRANSFER FUNCTION 


The downward slope of the amplitude curve in Figure 12 is - 
20dB/decade, and the point at which the slope changes, at 
= 1/RC, is termed the breakpoint. Reading the curve, it can 
be seen that gain initially is one, OdB, at very low frequen- 
cies, falling off to 0.707, -3dB, at the break frequency and 
decreases at a rate of -20dB/decade for higher frequencies. 
The phase shift for the integrator is given in Equation 24 and 
plotted in Figure 12. Notice that the phase shift is -45 
degrees at the breakpoint where = 1/RC. 


= -tangent’! (1/@RC) (EQ. 24) 


When the breakpoint occurs in the denominator, its slope is 
negative and is called a pole. Conversely, when the break- 
point occurs in the numerator, its slope is positive and it is 
called a zero. 


The band reject circuit shown in Figure 13 has two poles, 
two zeros and a DC gain. Each pole and zero is plotted sep- 
arately in Figure 14. The DC gain component is plotted as a 
straight line at -6dB because it is frequency independent. 
The two zeros in the numerator both occur at w = 1/RC; thus 
they are plotted on top of each other, and this results in a 
positive sloped line rising at 40dB/decade. The two poles in 
the denominator occur at w = 0.44/RC and @ = 4.56/RC, and 
they are each plotted with a negative slope of -20dB/decade. 


FIGURE 13. BAND REJECT FILTER CIRCUIT 


Yo _ __(1+RCs)(1 + RCs) 
Vy 2(1+RCs/0.44)(1 + RCs/4.56) (EQ. 25) 
Where s = ja. 


+40dB/DECADE 


>! __\-20dB/DECADE 
WM= 4.56/RC XX 
s 


-dB . 
-20dB/DECADE 


FIGURE 14. BODE PLOT OF THE INDIVIDUAL COMPONENTS 
OF THE BAND REJECT FILTER 


Each of the separate Bode plots shown in Figure 14 are 
combined into one composite plot in Figure 15. The phase 
plots are treated much like the amplitude plots because the 
separate phase responses from the poles and zeros can be 
combined into one plot such as is shown in Figure 15. Now 
the complete amplitude or phase response of the circuit can 
be observed by looking at Figure 15. Although the phase 
shift at a pole is -45 degrees, the plot indicates -5 degrees at 
w = 0.44/RC because the double zero located at w = 1/RC 
has already accumulated significant positive phase shift at 
the pole frequency. The non-linearity of the phase plot, a 
result of the tangent function, makes it hard to approximate 
accurately when several poles and zeros congregate in the 
same vicinity. 


W=0.44/RC W=1/RC W=4.56/RC 


0dB 


-6dB 


AMPLITUDE 


+25 DEGREES 


n 

& +12 DEGREES 

Wy) 

” 

< 

= 0.0. 
-5 DEGREES 


FIGURE 15. COMPOSITE BODE PLOT FOR THE BAND REJECT 
FILTER 


Spacing the poles and zeros by a decade enables an accu- 
rate phase plot using approximate methods, but the circuit 
performance criteria usually will not allow this luxury. The 
amplitude plot also becomes smeared by the close proximity 
of the poles and zeros, but the exact values are not usually 
plotted because the approximate values usually suffice for 
analysis [6]. The demand for the phase accuracy stems from 
the oscillation or stability criteria which is dependent on 
phase. 


Applying logarithms to the system equations will enable a 
quick and rather complete analysis. Equation 4 is repeated 
in Equation 26 in log form; i.e., both sides of the equation 
have been operated on by the function 20LOG po (F(t)). 


20LOG(Vo/V;) = 20OLOG(A) - 20LOG(1 + AB) (EQ. 26) 


As would be expected from the preceding analysis, the 
shape of the plot will be determined by the breakpoints, if 
any, contained in A or B. The magnitude portion of the closed 
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loop system equation is plotted in Figure 16 for the case 
where A and 8 are not a function of frequency. Notice that 
both plots are flat lines, and there is no phase plot. Obvi- 
ously this case is trivial and of no interest to the circuit 
designer because it does not represent the real world since 
the gain of all amplifiers is a function of frequency [7]. 


dB 
20LOG(A) 

Ww 

8 t 

= 

= 20LOG(1 + AB) 

< ' 

< 

20LOG(Vo/V;) 


LOG(f) 


FIGURE 16. PLOT OF EQUATION 4 WHEN A AND B ARE NOT 
FREQUENCY DEPENDENT 


Most high gain amplifiers such as operational amplifiers have 
multiple poles, two per transistor, with the amplifier having as 
many as 20 transistors leading to a potential of 40 or more 
poles. Normally only a few poles are important because the 
other poles occur at very high frequencies where the gain is 
less than one so that they can not cause oscillation. In many 
amplifiers the manufacturer compensates the amplifier with a 
single pole usually called a dominant pole (fayjp), and the 
amplifiers performance can be approximated by the transfer 
function A = a/(1 + j (f/famp)). Equation 4 is plotted in Figure 
17 with the assumption that A is frequency dependent and f is 
resistive or frequency independent. 


t 


I 
20LOG(1 + AB) 


20LOG(A) 


20LOG(Vo/V;) LOG(f) 


foqB , 


f= famp 


FIGURE 17. PLOT OF EQUATION 4 WHEN A= a/(1 +j (ffamp)) 
AND B IS FREQUENCY INDEPENDENT 


The closed loop gain graphical approximation is constant until 
its projection intersects the amplifier gain at point X. The actual 
closed loop gain starts rolling off prior to point X, and it is down 
-3dB at point X. If 20OLOG(V0/V\) -20LOG(A) = -3dB then 
-20LOG(1 + AB) = -3dB, and if the magnitude of (1 + AB) is con- 
sidered, then the square root of (1 + (AB)*) = 1.414 resulting in 
AB = 1. In other words, A = 1/B at the intersection of the two 
curves. There is a method [8] of relating the phase shift, and 
thus the stability, to the slope of the curves at the intersect point, 
but this method will not be covered here in favor of the Bode AB 
method. 


The dominant pole causes the open loop gain to have a break- 
point at the frequency fayp. The internally compensated op 
amp acts like a dominant pole characteristic so its AC parame- 
ters can be determined by referring to the “Open-Loop Fre- 
quency Response” curve contained in the data sheet. Although 
the curve is called “Open-Loop Frequency Response’, it really 
is the direct gain (A). Notice that the CA158 op amp as shown 
in the Harris Semiconductor catalog [9] has a breakpoint which 


occurs at fayp = 5Hz., and the DC gain is 110dB. If the transfer 
function shown in Figure 17 was for the CA158 then the direct 
gain would be A = a/(1 +j (f/fayp)), or A = 316,227/(1 + j (f/5)). 
Consider for a moment the difficulty and hence the probable 
error associated with measuring the DC gain and the break 
point. A popular method of measuring the op amp gain and 
phase is to configure the op amp in the inverting mode and then 
measure the error voltage; i.e., the voltage from the inverting 
input to ground. Then Equation 3, E = V)/A, is employed to cal- 
culate the op amp gain from the measured error. Assume that 
the op amp is configured in a gain of -100; then the direct gain 
is A= 100/101 times the op amp gain so a small offset must be 
accounted for because the measurement is not a direct mea- 
surement in the inverting circuit configuration. If the output volt- 
age, Vo, is kept small to guarantee small signal accuracy, say 
one volt, then for the CA158, Vernror = 1/316,217 = 3.16pV. 
Measuring this small voltage especially considering that noise 
may be present is a formidable task so designers must assume 
that there may be a considerable tolerance associated with 
these measurements. The numbers given in this paper are for 
explanation purposes; professional test engineers will often 
configure the op amp with a gain of A = -10,000 and then be 
measuring errors in the nano-volt range. These measurements 
require considerable skill, and even then there may be a 24dB 
difference between the minimum specification point and the 
typical value such as in the HA5177 data sheet. 


GAIN (dB) 


PHASE (DEGREES) 


1K 10M 


100M 


FIGURE 18. OPEN LOOP FREQUENCY RESPONSE OF THE 
HA2842C 


Figure 18 is a plot of the gain phase relationship for a high 
frequency op amp, the HA2842C. The DC gain is 90dB, and 
since the phase shift reaches -45 degrees at 1200Hz the 
first pole must occur at approximately 1200Hz. This is a high 
frequency op amp so the internal compensation capacitor 
has been reduced significantly to increase the bandwidth 
available to the designer, and it is apparent that a second 
pole exists because the phase shift approaches -135 
degrees at 70MHz. Looking closely at the point where the 
gain crosses the OdB axis, and then following that constant 
frequency line, 120MHz, down to the phase curve indicates 
that the phase shift is about -165 degrees. This op amp is 
marginally stable, and the op amp is susceptible to stability 
problems unless external compensation techniques are 
employed. The HA2842C can be modeled with a DC gain of 
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31,623, the first break point at 1200Hz and the second 
breakpoint at 145MHz. The equation for the HA2842C is 
then A = 31,623/(1 + j (f/1200))(1 + j (f/145E6)). 


Stability as Determined from Loop Plots 


AB = -1 = /11/-180 (EQ. 27) 


Equation 8 has been repeated above as Equation 27. If the 
magnitude of the gain is greater than one in Equation 27, the 
equation will be satisfied because the non-linear effects of 
the active devices as they enter saturation will reduce the 
gain to one. This is demonstrated in oscillator design where 
the designer must design for a worse case gain of at least 
one, so the circuit will oscillate under all conditions, and the 
nominal gain usually is much greater than one. The oscillator 
designers are caught in a trap, for if they design for a worse 
case low gain greater than one, then the worse case high 
gain will be much greater than one. In the low gain case, the 
circuit barely oscillates, but the sinewave is very pure. In the 
high gain case, the circuit always oscillates, but there is sig- 
nificant distortion in the sinewave. Just as the oscillator 
designer must make compromises for the sake of instability, 
so, the analog designer make compromises for the sake of 
stability. In the case of amplifier design, the phase shift must 
never become -180 degrees, at a gain greater than one, or 
oscillation will occur. The compromise occurs when the 
amplifier designer trades off gain and/or bandwidth for posi- 
tive phase shift because the methods which produce a safe 
phase shift tend to reduce gain or bandwidth, as will be 
shown later. In many cases oscillation is not the limiting fac- 
tor because as the phase shift gets much greater than -135 
degrees, the amplifier output will have increasing overshoot 
and ringing. Plotting the loop gain gives great insight into 
both the stability and closed loop performance; stability will 
be discussed in this section and closed loop performance 
predictions from open loop plots will be discussed in the next 
section. 


_ K 
A= SR CNT HALOS) ai 


where K = DC gain. 
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FIGURE 19. LOOP PHASE AND GAIN PLOT OF EQUATION 27 


Figure 19 is used to help define the industry standard terms, 
phase margin, oy, and gain margin, GM. Phase margin is a 
measure of relative stability, and it is defined as the amount 


of phase shift between the point where the loop gain equals 
OdB and -180 degrees. Equation 29 defines the phase mar- 
gin mathematically. 


x = 180 - tangent’ '(AB) (EQ. 29) 


Gain margin is defined as the gain at the point where the 
phase equals -180 degrees. Gain margin is always a negative 
(dB), or less than one, in a stable system, and it does not con- 
tain much information about stability or closed loop perfor- 
mance. The phase margin shown in Figure 19 is 
approximately 16 degrees; attempting to measure the phase 
margin in Figure 19 points out how important it is to plot phase 
margin accurately. This circuit will be stable since the phase 
margin is positive; the phase shift cannot ever reach the -180 
degrees required for oscillation if the circuit is to remain stable. 
Because the phase margin is very small, the overshoot will be 
very large, and the output will exhibit a damped oscillation 
commonly known as ringing. If the gain, K, were increased in 
the loop transfer function until it crossed the OdB axis at -180 
degrees phase shift, then the circuit would oscillate; thus, 
there is a definite limit on the loop gain. The loop transfer func- 
tion, shown as Figure 19, is repeated in Figure 20 with the 
gain increased by a factor of C. Notice that indeed the -180 
degree phase crossover point occurs prior to the OdB cross- 
over point, so the phase margin is negative and the circuit will 
oscillate. Conversely, the transfer function shown in Figure 20 
does not even have enough gain at the -180 degree point to 
ensure oscillation under production tolerances, so the circuit 
is good for nothing in its present condition. 


20LOG(K + C) 
20LOG(K) 


AMPLITUDE (AB) 


PHASE (AB) 
-135 


-180 


FIGURE 20. LOOP PHASE AND GAIN PLOT OF EQUATION 27 
WITH ADDED GAIN C 


Extremely high gain systems have very low errors, but they 
are limited in the bandwidth they can obtain without oscillat- 
ing, So designers resort to other techniques such as non- 
linear transfer functions. An example of a high gain, accurate 
system which employs non-linear techniques to achieve 
stability, is a gyro stabilization platform which would go into a 
limit cycle if the gain was not reduced upon start-up. 


If the second breakpoint, 1/RaC>2, were moved closer to the 
first breakpoint, then the circuit would accumulate phase 
shift from the breakpoint earlier and it may become unstable. 
Figure 19 is repeated as Figure 21, where the second break- 
point has been moved closer to the first breakpoint. Notice 
that the -45 degree phase point is not affected, the -135 


10-99 


- 
2 
nl 
ay el 
pe Wi 
oa 
-* © 
o= 
QO WwW 
tO 
a 
” 


Application Note 9415 


degree phase point has moved in towards the -45 degree 
phase point, and that the -180 degree phase point occurs 
prior to the OdB crossover point. Generally, moving the two 
poles closer together can cause instability. 


dB 
20LOG(K) 


AMPLITUDE (AB) 


0dB LOG (f) 


45 
PHASE (AB) 


-135 


I 
I 
I 
I 
| 
+t 
i] 


-180 - Oy = 0 


FIGURE 21. LOOP PHASE AND GAIN PLOT OF EQUATION 27 
WITH 1/R,C, CLOSER TO 1/R,C, 


The single pole system cannot accumulate more than -90 
degrees of phase shift so it cannot become unstable; thus sin- 
gle pole systems will not be discussed here. This does not 
mean that an internally compensated op amp, which acts like 
a dominant pole, cannot become unstable because all op 
amps have more than one pole. The proof of this is the data 
sheet, consider the HA2500 [10] which is internally compen- 
sated for unity gain, where the Open Loop Frequency and 
Phase Response curve shows phase shifts beyond -90 
degrees. Lots of good data can be gathered from these 
curves; i.e., the phase margin for the HA2500 is approxi- 
mately 30 degrees so there will be some overshoot, and there 
is a second pole at about 3MHz. There is no such thing as an 
unconditionally stable op amp unless it lies on the table with 
power disconnected, because all op amps are multiple pole 
devices especially when stray capacitances are considered. 
This conclusion may lead someone to wonder where to draw 
the line when doing an analysis, and most engineers draw the 
line at two poles because the mathematics are easy to han- 
dle. If required, they obtain a solution for larger systems 
through the use of superposition, but usually the poles are 
separated far enough for some of them to be ignored or the 
circuit is modified to achieve the separation. The next section 
will delve into the second order stability analysis more deeply. 
Poles and zeros always occur in pairs, although sometimes 
either the pole or zero may be at the origin or infinity, thus they 
will not always appear in the transfer function. Whenever a 
pole is referred to, its corresponding zero is also considered. 


Predicting Stability and Performance from Closed Loop 
Plots 


The closed loop AC performance of a feedback circuit is 
dependent on the order of the denominator equation which 
is often considered equivalent to the number of poles con- 
tained in the circuit. If the circuit has no poles then its AC 
performance does not vary with frequency. If the circuit has 
one pole then the closed loop AC performance is rather easy 
to describe; the gain on a Bode plot will be 2OLOG(K) and 
the amplitude response will start falling off at the breakpoint 
with a -20dB/decade slope. If the circuit has two or more 


poles the closed loop AC response is much more compli- 
cated, the circuit can overshoot, then ring and finally oscil- 
late. The second order circuit, which contains two poles, is 
so popular that it is described extensively in the 
literature [11], and it is the one that will be dwelled on here. 
Higher order circuits can usually be reduced to second order 
for closed loop performance analysis, so this analysis will be 
restricted to stability and closed loop performance for second 
order circuits. Equation 7 is written here as Equation 30 with a 
second order loop transfer function substituted for AB. Equa- 
tion 31 is obtained from Equation 30 through algebraic 
manipulation. 


. 0 (EQ. 30) 


TARIS) = 1a +8t,)(14+8t>) 


where t = RC 


(EQ. 31) 


Equation 32 is the standard second order control equation, 
and it is compared to Equation 31 to obtain Equation 33 and 
Equation 34 which define the damping ratio, ¢, and 
undamped natural frequency, wy. 


s* + 2Cays+ on = @ (EQ. 32) 
@ = 2rf 
2 1+K 
On = tT (EQ. 33) 
T4 + 
Siig = 2 (EQ. 34) 


Ste 
The frequency where the magnitude of the loop transfer func- 
tion, AB, is equal to one is defined as the crossover frequency, 
Wc; this is expressed in Equation 35 with wc substituted for o. 
Then Equation 35 is algebraically manipulated to obtain 
Equation 36 from which the phase functions shown in Equa- 
tion 37 and Equation 38 are obtained. 


ee (EQ. 35) 
(1 + oe “ ) (1 +00" oy } 
Wo* + Wan 20 ?-wy* = 0 (EQ. 36) 
by = TAN” taco (EQ. 37) 
1-@6 T4T 
dy = TA N"'[26ony/oe| (EQ. 38) 


Considering the transfer function shown in Figure 22, if the 
OdB crossover frequency, ® = Wc, occurs well after the break 
frequency, 1/t>, then Equation 39 can be simplified to Equa- 
tion 40. Solving Equation 40 for wo yields Equation 41. 


20LOG(AB) = 20LOG(K) -20LOG(1 + w#r,2)'/2 


-20LOG(1 + w*t>2) 1/7 (EQ. 39) 

20LOG(AB) = 20LOG\(K) - 20LOG(wty) 

-20LOG (wtp) for w » t/t (EQ. 40) 
K 

OG = ee =On form» 1/t, (EQ. 41) 
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FIGURE 22. PHASE MARGIN AND PERCENT OVERSHOOT AS 
A FUNCTION OF DAMPING RATIO 


Figure 22 is a plot of Equation 38; now the phase margin is 
expressed in terms of known quantities so it can be calcu- 
lated from a knowledge the pole locations. The estimation 
procedure is to determine the pole locations from knowing 
the op amp pole locations and from the external circuitry. 
Once the pole locations and the gain are known or estimated 
the phase margin, damping ratio and cutoff frequency can 
be calculated. Then using Figure 22 yields the percent over- 
shoot. The pole locations and gain can be varied to obtain 
different solutions to the problem. After all of this data is sat- 
isfactory, then the loop transfer function should be plotted to 
determine stability. While only the poles were used in the 
estimation procedure, both the poles and zeros must be 
used to plot the open transfer function. After several itera- 
tions a workable solution should pop out if one exists. 
Remember that this procedure is an approximation, thus it 
must always be verified in the laboratory. 


Compensation Schemes 


All op amps are compensated; some are compensated with 
internal components thus saving the designer time and 
money. Many op amps are not compensated internally 
because leaving out the compensation gives the designer an 
extra degree of freedom, and these op amps must have 
some kind of external compensation or they will oscillate. 
The internally compensated op amps are usually compen- 
sated with a method called ‘dominant pole’ or ‘lag’ compen- 
sation several forms of which are shown in Figure 23. 


Vi =e 
R ii 


FIGURE 23. EXAMPLES OF DOMINANT POLE COMPENSATION 


Dominant pole compensation circuits tend to be associated 
with the op amp, and they usually are not part of the feedback 
circuit. The loop transfer function for an op amp is shown in 
Figure 24 in solid lines. There are two poles accumulating 
phase shift prior to the OdB crossover point; thus this circuit 
may very well be unstable. The first pole, 1/t,, is the low fre- 
quency break point of the op amp, and the second pole, 1/To, 
is the high frequency break point. Since these pole locations 
are inherent in the op amp design, the circuit designer must 
live with them, but the effects of these poles can be modified 
with external feedback components. Locating the dominant 
pole, 1/tpp, so that the OdB crossover point coincides with the 
first op amp pole,t,, yields a phase margin of 45 degrees. By 
locating the dominant pole zero crossing at 1/t, the circuit 
sacrifices significant bandwidth which can be regained by 
moving the pole further out. The exact pole placement will be 
a function of the circuit specifications such as the allowed 
overshoot or the bandwidth required. 


dB 


20LOG(AB) 


0dB 


LOG(f) 


A is ' 


{lop 1/7; 1/2 


FIGURE 24. DOMINANT POLE COMPENSATION PLOT 


Because of the loop gain loss and the bandwidth loss domi- 
nant pole compensation is only used inside the op amp, 
when the closed loop bandwidth requirements are not great, 
or if noise reduction is desired. A simpler method of compen- 
sating the op amp is with gain compensation. Consider 
Equation 14 which is repeated here as Equation 42; this 
equation is for the loop gain and it is valid for both inverting 
and non-inverting op amps. If the closed loop inverting gain 
is increased to 9, then Equation 42 becomes A/10 a 
decrease of 20dB in the DC intercept. Plotting these results 
in Figure 25 reveals that the circuit has become stable with- 
out much of a bandwidth reduction. 
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FIGURE 25. GAIN COMPENSATION 


The occasion always arises where the closed loop gain must 
be one or less, thereby precluding the use of gain compen- 
sation; thus the designer must resort to other techniques to 
achieve the circuit performance. An alternate method of 


10-101 


= 
” 
S calll 
“a 
Wi 
on) 
20 
o= 
oO. wi 
<O 
ou 
29) 


Application Note 9415 


compensation is called lead compensation, and it consists of 
putting a zero in the loop transfer function to cancel out one 
of the poles. The best place to locate the zero is on top of the 
second pole, since this cancels the negative phase shift 
caused by the second pole. The schematic of a circuit which 
employs lead compensation is shown in Figure 26, and 
Equation 43 is for the loop transfer function. 


FIGURE 26. LEAD COMPENSATION 


The zero in Equation 43 occurs before the pole, so it can be 
used to cancel out the pole at 1/t»2 by placing the zero on top 
of the pole. Now the 135 degree phase shift point has moved 
out to 1/R-elIR\Cs yielding better phase margin. There are 
always compromises to be made when designing a feedback 
circuit, and the one made here is to add external compo- 
nents. If the op amp has additional poles close to 1/to, and 
many op amps do, then the pole placement is critical. Some 
op amps have so many poles in the area of 1/to that this 


method of compensation cannot be used. 
aR, (ReCs + 1) 
AB = &RE(RIIRCs +1) eli, 


Unless specified otherwise, the amplifier gain (a) will be 
assumed to have the form a = K/(1 + 74S)(1 + ToS). 
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FIGURE 27. LEAD COMPENSATION PLOT 


Sometimes a good look at the problem reveals a potential 
solution, so the case of stray input capacitance will be inves- 
tigated. An inverting amplifier with a stray input capacitance, 
C,, is shown in Figure 28. Looking at Equation 44 for the 
open loop transfer function, it is obvious that the stray capac- 
itance adds a pole to the transfer function, and if the added 
pole is close to 1/t» the circuit will become unstable. The 
capacitor, Ce shown in dotted lines, is added to the circuit to 
yield the transfer function shown in Equation 45. Inspection 
of Equation 45 reveals that if RjC; = ReCr, then the poles 
and zeros in the transfer function will cancel each other, and 
the transfer function will appear to be independent of fre- 
quency. This type of compensation is named after the same 
idea used in the compensated attenuator, which is an old 
instrument design trick. Which just proves that little in circuit 
design is really new. 
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Z Pn ee ee ‘fs - FUNCTION 
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FIGURE 28. COMPENSATED ATTENUATOR CIRCUIT 
SCHEMATIC, GAIN PLOT AND PHASE PLOT 


No Cr: 
aR, 1 (EQ 
AB = s=——>->—> 1 2 . 44) 
R, + Rel - RIIRECs 
Ce in circuit: 
RI 
“(RCs +1) 
AB = R, Re (EQ. 45) 


a 
(RiCjs+1) (ReCes+1) 


There are times when an extra degree of freedom is required 
and the lead-lag, sometimes called the feed-forward, form of 
compensation yields this freedom. This method of compen- 
sation puts a pole and a zero in the loop transfer function. If 
the pole and zero locations must be independent of each 
other, then separate compensation networks need to be 
used. An example of this would be to use a lag circuit similar 
to that shown in Figure 24, and a lead circuit similar to that 
shown in Figure 26. The lead and lag would then be inde- 
pendent in the example so they could be placed conve- 
niently for compensation purposes. The circuit shown in 
Figure 29 has both a pole and a zero, but their placement is 
not independent. 


aR, (RCs +1) 
Ri - Re (RR, + ReR+ ReR)) 
—___——_.————_ Cs +1 
Re +R, 


AB = (EQ. 46) 
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FIGURE 29. LEAD-LAG COMPENSATION SCHEMATIC AND AB 
AMPLITUDE PLOT 


Referring to Figure 29, it can be seen that the lead-lag com- 
pensated circuit crosses OdB at a lower frequency than the 
uncompensated circuit, thus the compensation has made 
the circuit more stable. Also, the transfer function of the com- 
pensation has been shown in Figure 29 for clarity. There is 
an additional advantage to lead-lag compensation in that it 
yields higher gain at high frequencies. The closed loop gain 
plots, Figure 30, show that the zero precedes the pole; the 
poles and zeros interchange when the plot changes from the 
loop gain to the closed loop gain. Also, the high frequency 
gain is emphasized with lead-lag compensation. The high 
frequency emphasis may be desirable when a high overall 
gain is needed, but some unwanted effects, such as DC off- 
set, must be minimized. The lead-lag method of compensa- 
tion usually requires the precise placement of the poles and 
zeros so a detailed and accurate [12] phase plot is generally 
constructed for this case. 
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FIGURE 30. LEAD-LAG CLOSED LOOP GAIN PLOTS FOR COM- 
PENSATED AND UNCOMPENSATED CIRCUITS 


Comparison of Compensation Results 


Dominant pole compensation is the easiest method of 
compensation to implement within an IC, but it rolls off the 
closed loop gain so quickly that it is seldom used except in 
op amp design. The circuit resulting from dominant pole 
design is very well behaved because the phase margin is 
usually about 45 degrees, but the frequency response is 
very poor. If the transfer function for the HA2842C shown in 
Figure 18 is compensated by dominant pole compensation, 
the pole would be placed at 1200Hz; the loop gain when 
moving to a lower frequency would then rise at a rate of 
20dB/decade until it hit the 90dB point at 0.06Hz. This is an 
effective bandwidth reduction of 4.5 decades, from 120MHz 
to 1200Hz, so this method is only used when no other type 
of compensation is available, noise reduction is more impor- 
tant than bandwidth or bandwidth is not important. 


Gain compensation is always the preferred method of 
compensation if the resulting higher closed loop gain meets 
the performance criteria, but many times the design specifi- 
cations call for a buffer or an inverter both with a gain of one, 
which precludes gain compensation. Gain compensation 
does not require any additional external components beyond 
the gain setting resistors, it preserves the op amp bandwidth 
and it is easy to implement. In a single pole system, increas- 
ing gain will reduce the bandwidth by the same factor. 


Lead compensation offers an AC compensation which can 
function for any DC gain, and it is has a much higher 
frequency response than dominant pole compensation. One 
deficiency with lead compensation is that the DC gain, the 
zero and the pole are all tied together tightly. For example if 
the HA2842C shown in Figure 18 is lead compensated for a 
closed loop gain of -1 then R; = Re. This means that the pole 
and zero are only separated by an octave so the compensa- 
tion must be done in an area of the loop gain plot which is very 
close to OdB. Observing Figure 18, it can be seen that the 
best place that lead compensation can improve stability signif- 
icantly is at the second pole where the phase equals -135 
degrees phase shift and the frequency is 75MHz. Placing the 
zero at 75MHz yields a phase margin of about 60 degrees 
resulting a nice stable circuit with 10% overshoot per Figure 
22. The closed loop response equation is V/V-e = R/R,)1/ 
(RECs + 1), and the closed loop gain is -1 until it reaches the 
frequency f =1/2mReC, 150MHz, where it is down by -3aB. 
Lead compensation rolls off the closed loop frequency 
response dramatically. 


The compensated attenuator approach works well for negat- 
ing the effects of an input capacitance because both the 
open loop and closed loop transfer functions have a flat 
frequency response. Also, the compensation required is very 
small. When the output resistance of an op amp gets very 
high, the stray capacitance seen across the resistor acts like 
a lead circuit and rolls off the high frequency gain. Adding an 
input capacitor, the reverse of attenuator compensation, 
serves to restore the high frequency performance. Both 
digital-to-analog converters and optical receiving diodes 
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have large associated capacitances, so when they are put 
into the input circuit of an op amp, often in an I-to-V con- 
verter configuration, the circuit oscillates. The compensated 
attenuator tames these circuits, but beware, the compensa- 
tion must consider the worst case especially for current 
DACs which have a wide range of output capacitance. 


The lead-lag compensation scheme is very similar to the 
lead compensation scheme but it has two advantages. First, 
setting the DC gain does not fix the pole zero separation, so 
for low gains the pole and zero could be separated by more 
than an octave. Second, a zero shows up in the closed loop 
transfer function where it increases the gain at high frequen- 
cies. The combination of these two advantages are great 
enough to outweigh the cost of the extra components added 
to the circuit. 


The compensation techniques demonstrated here serve as 
a good foundation for feedback circuit design, but like all 
foundations it is meant to be built on [13]. There are other 
methods of treating compensation such as closed loop sta- 
bility plots, Nichols charts, root locus plots and Nyquist anal- 
ysis. Each technique offers some advantages and 
disadvantages; the Bode method simply is the author's per- 
sonal choice so the other techniques deserve investigation. 


References 


[1] Areocentric, Sol, Feedback Amplifier Principles, 
Macmillan Publishing Company, 1986. 


[2] Del Toro, Vincent and Parker, Sydney, Principles of 
Control Systems Engineering, McGraw-Hill 
Company, 1960. 


Book 


[3] Del Toro, Vincent and Parker, Sydney, Principles of 
Control Systems Engineering, McGraw-Hill 
Company, 1960. 


Book 


[4] DiStefano, Joseph, Stubberud, Allen and Williams, Ivan, 
Theory and Problems of Feedback and Control 
Systems, Schaum’s Outline Series, McGraw-Hill Book 
Company, 1967. 


[5] Bode H. W., Network Analysis and Feedback Amplifier 
Design, D. Van Nostrand, Inc., 1945. 


[6] D‘Azzo, John and Houpis, Constantine, Feedback 
Control System Analysis and Synthesis, McGraw-Hill 
Book Company, 1966. 


[7] Frederiksen, Thomas, Intuitive Operational Amplifiers, 
McGraw-Hill Book Company, 1988. 


[8] Bower, J. L. and Schultheis, P. M., Introduction to the 
Design of Servomechanisms, Wiley, 1961. 


[9] Harris Semiconductor, Linear and Telecom ICS for 
Analog Signal Processing Applications, 1993-94. 


[10] Same as above. 


[11] Del Toro, Vincent and Parker Sydney, Principles of 
Control Systems Engineering, McGraw-Hill 
Company, 1960. 


Book 


[12] Kuo, Benjamin, Automatic Control Systems, Prentice- 
Hall, Inc., 1975. 


[13] Bell, Ken, Conversations about feedback circuits while 
at Charles Stark Draper Labs, 1971. 


10-104 


Harris Semiconductor 


=. 
a 
mi 
~” 
as 
— 
4) 
X) 
~~ 


No. AN9420.1 


April 1995 


Current Feedback Amplifier 
Theory and Applications 


Authors: Ronald Mancini and Jeffrey Lies 


Introduction 


Current feedback amplifiers (CFA) have sacrificed the DC 
precision of voltage feedback amplifiers (VFA) in a trade-off 
for increased slew rate and a bandwidth that is relatively 
independent of the closed loop gain. Although CFAs do not 
have the DC precision of their VFA counterparts, they are 
good enough to be DC coupled in video applications without 
sacrificing too much dynamic range. The days when high fre- 
quency amplifiers had to be AC coupled are gone forever, 
because some CFAs are approaching the GHz gain band- 
width region. The slew rate of CFAs is not limited by the lin- 
ear rate of rise that is seen in VFAs, so it is much faster and 
leads to faster rise/fall times and less intermodulation 
distortion. 


The general feedback theory used in this paper is developed 
in Harris Semiconductor Application Note Number AN9415 
entitled “Feedback, Op Amps and Compensation.” The 
approach to the development of the circuit equations is the 
same as in the referenced application note, and the 
symbology/terminology is the same with one exception. The 
impedance connected from the negative op amp input to 
ground, or to the source driving the negative input, will be 
called Z, rather than Z, or Z,, because this has become the 
accepted terminology in CFA papers. 


Development of the General Feedback Equation 


Referring to the block diagram shown in Figure 1, Equation 1, 
Equation 2 and Equation 3 can be written by inspection if it is 
assumed that there are no loading concerns between the 
blocks. This assumption is implicit in all block diagram calcula- 
tions, and requires that the output impedance of a block be 
much less than input impedance of the block it is driving. This 
is usually true by one or two orders of magnitude. Algebraic 
manipulation of Equation 1, Equation 2 and Equation 3 yields 
Equation 4 and Equation 5 which are the defining equations 
for a feedback system. 


Vo =EA 

E=V)- BVo 
E=Vo/A 

Vo/V, = A/(1 + AB) 
E/V, = 1/(1 + AB) 


(EQ. 1) 
(EQ. 2) 
(EQ. 3) 
(EQ. 4) 
(EQ. 5) 


Copyright © Harris Corporation 1995 


FIGURE 1. FEEDBACK SYSTEM BLOCK DIAGRAM 


In this analysis the parameter A, which usually includes the 
amplifier and thus contains active elements, is called the direct 
gain. The parameter B, which normally contains only passive 
components, is called the feedback factor. Notice that in Equa- 
tion 4 as the value of A approaches infinity the quantity Af, 
which is called the loop gain, becomes much larger than one; 
thus, Equation 4 can be approximated by Equation 6. 


Vo/V, = 1/B for AB >> 1 (EQ. 6) 


Vo/V, is called the closed loop gain. Because the direct gain, 
or amplifier response, is not included in Equation 6, the closed 
loop gain (for A >> 1) is independent of amplifier parameter 
changes. This is the major benefit of feedback circuits. 


Equation 4 is adequate to describe the stability of any feed- 
back circuit because these circuits can be reduced to this 
generic form through block diagram reduction techniques [1]. 
The stability of the feedback circuit is determined by setting 
the denominator of Equation 4 equal to zero. 


1+AB=0 
AB = -1 =111 /-180 


(EQ. 7) 
(EQ. 8) 


Observe from Equation 4 and Equation 8, that if the magni- 
tude of the loop gain can achieve a magnitude of one while 
the phase shift equals -180 degrees, the closed loop gain 
becomes undefined because of division by zero. The unde- 
fined state is unstable, causing the circuit to oscillate at the 
frequency where the phase shift equals -180 degrees. If the 
loop gain at the frequency of oscillation is slightly greater than 
one, it will be reduced to one by the reduction in gain suffered 
by the active elements as they approach the limits of satura- 
tion. If the value of AB is much greater than one, gross nonlin- 
earities can occur and the circuit may cycle between 
saturation limits. Preventing instability is the essence of feed- 
back circuit design, so this topic will be touched lightly here 
and covered in detail later in this application note. 


10-105 


- 
Y 
sal 
Ae 
Wi 
oa 
zo 
a= 
QO wW 
<O 
oO 
” 


Application Note 9420 


A good starting point for discussing stability is finding an 
easy method to calculate it. Figure 2 shows that the loop 
gain can be calculated from a block diagram by opening cur- 
rent inputs, shorting voltage inputs, breaking the circuit and 
calculating the response (V7o) to a test input signal (V7}). 


FIGURE 2. BLOCK DIAGRAM FOR COMPUTING THE LOOP 
GAIN 


Vro/Vr = AB (EQ. 9) 


Current Feedback Stability Equation Development 


The CFA model is shown in Figure 3. The non-inverting input 
connects to the input of a buffer, so it is a very high imped- 
ance on the order of a bipolar transistor VFA’s input imped- 
ance. The inverting input ties to the buffer output; Z_, models 
the buffer output impedance, which is usually very small, 
often less than 50Q. The buffer gain, Gg, is nearly but always 
less than one because modern integrated circuit design 
methods and capabilities make it easy to achieve. Gg is 
overshadowed in the transfer function by the transimped- 
ance, Z, so it will be neglected in this analysis. 


The output buffer must present a low impedance to the load. 
Its gain, Goyt, is one, and is neglected for the same reason 
as the input buffer’s gain is neglected. The output buffer’s 
impedance, Zoy7, affects the response when there is some 
output capacitance; otherwise, it can be neglected unless 
DC precision is required when driving low impedance loads. 


NON-INVERTING ¢ 
INPUT 


INVERTING ; 
INPUT 


FIGURE 3. CURRENT FEEDBACK AMPLIFIER MODEL 


Figure 4 is used to develop the stability equation for the 
inverting and non-inverting circuits. Remember, stability is a 
function of the loop gain, AB, and does not depend on the 
placement of the amplifier’s inputs or outputs. 


- Vout BECOMES Vro 


ie BREAK LOOP HERE 


is, APPLY TEST SIGNAL 
(V7) HERE 


FIGURE 4. BLOCK DIAGRAM FOR STABILITY ANALYSIS 


Breaking the loop at point X, inserting a test signal, V7, and 
calculating the output signal, Vro, yields the stability 
equation. The circuit is redrawn in Figure 5 to make the 
calculation more obvious. Notice that the output buffer and 
its impedance have been eliminated because they are 
insignificant in the stability calculation. Although the input 
buffer is shown in the diagram, it will be neglected in the 
stability analysis for the previously mentioned reasons. 


I Vout = Vto 
Zp 


BUFFER = 


FIGURE 5. CIRCUIT DIAGRAM FOR STABILITY ANALYSIS 


The current loop equations for the input loop and the output 
loop are given below along with the equation relating |, to lo. 


Vig = 142 (EQ. 11) 
In(ZgllZp) = 1425; For Gp= 1 (EQ. 12) 


Equation 10 and Equation 12 are combined to obtain 
Equation 13. 


Vay= 14 (Zp +ZgllZ—)(1+Z_/Zg)= 14Z— (14+Zp/ZelIZg) (EQ. 13) 
Dividing Equation 11 by Equation 13 yields Equation 14 
which is the defining equation for stability. Equation 14 will 
be examined in detail later, but first the circuit equations for 
the inverting and non-inverting circuits must be developed so 
that all of the equations can be examined at once. 


AB = Vao/Vq, = 2/(Zp(1 +Zp/Zell Zg)) (EQ. 14) 


Developing the Non-Inverting Circuit Equation and Model 


Equation 15 is the current equation at the inverting input of 
the circuit shown in Figure 6. Equation 16 is the loop equa- 
tion for the input circuit, and Equation 17 is the output circuit 
equation. Combining these equations yields Equation 18, in 
the form of Equation 4, which is the non-inverting circuit 
equation. 
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FIGURE 6. NON-INVERTING CIRCUIT DIAGRAM 


| = (Vx/Z@) - (Vout - Vx)/Zr (EQ. 15) 

yn Vig <1 (EQ. 16) 

hae 2 (EQ. 17) 
Zit+Zp/2n) 

Vout_ 21 +Zp/ZpllZg) (EQ. 18) 


+ ______ 
ZA) + Zg/2ell Ze) 


The block diagram equivalent for the non-inverting circuit is 


shown in Figure 7. 
Z (1+ Zp/Zq) 
Ze (1 + Zp/ZrllZG) 


9 Vout 


FIGURE 7. BLOCK DIAGRAM OF THE NON-INVERTING CFA 
Developing the Inverting Circuit Equation and Model 


Equation 19 is the current equation at the inverting input of 
the circuit shown in Figure 8. Equation 20 defines the 
dummy variable Vy, and Equation 21 is the output circuit 
equation. Equation 22 is developed by substituting Equation 
20 and Equation 21 into Equation 19, simplifying the result, 
and manipulating it into the form of Equation 4. 


FIGURE 8. INVERTING CIRCUIT DIAGRAM 


(EQ. 19 
IZ3 = -Vy (EQ. 20) 
IZ = Vout (EQ. 21) 
ae 
Vout. _Zq(1+2Zp7 2 NZg) (EQ. 22) 
Gin Z 


"ZA Feu ee Nop) 


The block diagram equivalent for the inverting circuit is given 
in Figure 9. 


D Vout 


FIGURE 9. INVERTING BLOCK DIAGRAM 
Stability 


Equation 8 states the criteria for stability, but there are sev- 
eral methods for evaluating this criteria. The method that will 
be used in this paper is called the Bode plot [2] which is a log 
plot of the stability equation. A brief explanation of the Bode 
plot procedure is given in “Feedback, Op Amps and Com- 
pensation” [3]. The magnitude and phase of the open loop 
transfer function are both plotted on logarithmic scales, and 
if the gain decreases below zero dB before the phase shift 
reaches 180 degrees the circuit is stable. In practice the 
phase shift should be <140 degrees, i.e., greater than 40 
degrees phase margin, to obtain a well behaved circuit. A 
sample Bode plot of a single pole circuit is given in Figure 10. 


@® = 1/RC 
' @® = 10/RC 


| 

ji -20dB/DECADE 
| 
| 


LOG (@) 


20 
17 


20LOGIABI (dB) 


45+----- 


PHASE SHIFT 
DEGREES 


FIGURE 10. SAMPLE BODE PLOT 


Referring to Figure 10, notice that the DC gain is 20dB, thus 
the circuit gain must be equal to 10. The amplitude is down 
3dB at the break point, w = 1/RC, and the phase shift is -45 
degrees at this point. The circuit can not become unstable 
with only a single pole response because the maximum 
phase shift of the response is -90 degrees. 
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CFA circuits often oscillate, intentionally or not, so there are at 
least two poles in their loop gain transfer function. Actually, 
there are multiple poles in the loop gain transfer function, but 
the CFA circuits are represented by two poles for two reasons: 
a two pole approximation gives satisfactory correlation with 
laboratory results, and the two pole mathematics are well 
known and easy to understand. Equation 14, the stability 
equation for the CFA, is given in logarithmic form as Equation 
23 and Equation 24. 


20LOGIAB! = 20LOGIZ/(Z-(1+Zp/ZrllZG))| 
o = TANGENT "'(2/(Z¢(1+Zp/Z¢lIZ@))) 


(EQ. 23) 
(EQ. 24) 


The answer to the stability question is found by plotting these 
functions on log paper. The stability equation, 20loglAB], has 
the form 20logx/y which can be written as 20logx/y = 20logx 
- 20logy. The numerator and denominator of Equation 23 will 
be operated on separately, plotted independently and then 
added graphically for analysis. Using this procedure the 
independent variables can be manipulated separately to 
show their individual effects. Figure 11 is the plot of Equation 
23 and Equation 24 for a typical CFA where Z = 1MQ/(t,s 
+1)(toS + 1), Zp = Zg = 1kQ, and Zp = 70Q. 


20LOGIZI 
; 20LOGIZ-(1+Zp/ZrlIZg)| 


COMPOSITE CURVE 


AMPLITUDE (dBQ) 
= 


LOG(f) 


PHASE 
(DEGREES) 


FIGURE 11. CFA TRANSIMPEDANCE PLOT 


If 20loglZ-(1+Zp/Z-FIIZg)| were equal to OdB the circuit would 
oscillate because the phase shift of Z reaches -180 degrees 
before 20logIZ| decreases below zero. Since 20logIZ-(1 + Zp/ 
ZrllZg)| = 61.1dBQ, the composite curve moves down by that 
amount to 58.9dBQ where it is stable because it has 120 
degrees phase shift or 60 degrees phase margin. If Zp = 0Q 
and Z- = Re, then AB = Z/Re. In this special case, stability is 
dependent on the transfer function of Z and Re , and Rp can 
always be specified to guarantee stability. The first conclusion 
drawn here is that Z-(1+Zp/Z-llZg) has an impact on stability, 
and that the feedback resistor is the dominant part of that 
quantity so it has the dominant impact on stability. The domi- 
nant selection criteria for Re is to obtain the widest bandwidth 
with an accepted amount of peaking; 60 degrees phase mar- 
gin is equivalent to approximately 10% or, 0.83dB, overshoot. 
The second conclusion is that the input buffer’s output imped- 
ance, Zp, will have a minor effect on stability because it is 
small compared to the feedback resistor, even though it is 
multiplied by 1/Z-llZg which is related to the closed loop gain. 
Rewriting Equation 14 as AB = Z/(Z-+Zp(1+R-/Rg)) leads to 
the third conclusion which is that the closed loop gain has a 
minor effect on stability and bandwidth because it is multiplied 


by Zp which is a small quantity relative to Zr. It is because of 
the third conclusion that many people claim closed loop gain 
versus bandwidth independence for the CFA, but that claim is 
dependent on the value of Zz relative to Zr. 


CFAs are usually characterized at a closed loop gain (Gc_) of 
one. If the closed loop gain is increased then the circuit 
becomes more stable, and there is the possibility of gaining 
some bandwidth by decreasing Z-. Assume that AB, = ABy 
where AB, is the loop gain at a closed loop gain of one and 
ABn is the loop gain at a closed loop gain of N; this insures 
that stability stays constant. Through algebraic manipulation, 
Equation 14 can be rewritten in the form of Equation 25 and 
solved to yield Equation 27 and a new Zen value. 
Fs Fd 


ee | A | 
Ze +Zp,(1 +Zp4/Ze}) Zen +Z,(1 + Zen/Zen) (EQ. 25) 
Z Z 
Peremneeamnanin ft) garemmre eee (EQ. 26) 
Ze1+2pGci1  Zen+2eBScin 
Zen = 4ry #4p(Se11—-Goiw! (EQ. 27) 
For the HA5020 at a closed loop gain of 1, if Z=6MQ 


ZFy = 1kQ, and Zp = 75Q, then Zpo = 925Q. Experimentation 
has shown, however, that Zpo = 681Q yields better results. 
The difference in the predicted versus the measured results is 
that Zp is a frequency dependent term which adds a zero in 
the loop gain transfer function that has a much larger effect on 
stability. The equation for ya is given below. 
Rp 1+ SB 9/@y 
Bo +1| 14+SB5/(By + 1)@7 


At low frequencies hyp = 502 and Rep/(B)+1) = 25Q which cor- 
responds to Zp = 75Q, but at higher frequencies Zp will vary 
according to Equation 28. This calculation is further compli- 
cated because By and wy are different for NPN and PNP tran- 
sistors, SO Zp also is a function of the polarity of the output. 
Refer to Figure 12 and Figure 13 for plots of the transimped- 
ance (Z) and Zp for the HA5020 [5]. Notice that Z starts to 
level off at 20MHz which indicates that there is a zero in the 
transfer function. Zp also has a zero in its transfer function 
located at about 65MHz. The two curves are related, and it is 
hard to determine mathematically exactly which parameter is 
affecting the performance, thus considerable lab work is 
required to obtain the maximum performance from the device. 


SS R, = 1000 


he = Se Pe (EQ. 28) 


=k 
oO 


1—+4 


TRANSIMPEDANCE (MQ) 


PHASE ANGLE (DEGREES) 


0.01 


0.001 
FREQUENCY cues 


FIGURE 12. HA5020 TRANSIMPEDANCE vs FREQUENCY 
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Equation 27 yields an excellent starting point for designing a 
circuit, but strays and the interaction of parameters can 
make an otherwise sound design perform poorly. After the 
math analysis an equal amount of time must be spent on the 
circuit layout if an optimum design is going to be achieved. 
Then the design must be tested in detail to verify the perfor- 
mance, but more importantly, the testing must determine that 
unwanted anomalies have not crept into the design. 


(Zp) IN dBQ 


ar es aT wool EE 
Pt TT 
36 

P| TT ET 
| TT ET 
1 2 4 


INPUT BUFFER OUTPUT IMPEDANCE 


6 8 10 20 40 60 80100 
FREQUENCY (MHz) 
FIGURE 13. HA5020 INPUT BUFFER OUTPUT RESISTANCE vs 


FREQUENCY 
Performance Analysis 


Table 1 shows that the closed loop equations for both the CFA 
and VFA are the same, but the direct gain and loop gain equa- 
tions are quite different. The VFA loop gain equation contains 
the ratio Z-/Z;, where Z, is equivalent to Zg which is also con- 
tained in the closed loop gain equation. Because the loop gain 
and closed loop equations contain the same quantity, they are 
interdependent. The amplifier gain, a, is contained in the loop 
gain equation so the closed loop gain is a function of the 
amplifier gain. Because the amplifier gain decreases with an 
increase in frequency, the direct gain will decrease until at 
some frequency it equals the closed loop gain. This 
intersection always happens on a_ constant -20dB/ 
decade line in a single pole system, which is why the VFA is 
considered to be a constant gain bandwidth device. 


TABLE 1. SUMMARY OF OP AMP EQUATIONS 


VOLTAGE 
FEEDBACK 
AMPLIFIER 


CURRENT 
FEEDBACK 
AMPLIFIER 


CIRCUIT 
CONFIGURATION 


NON-INVERTING 


INVERTING 


— 


Za Perle) | Wear 


Z(1 + Z-/Zq) 
Z-(1 + Zp/Zr lIZe) 


Z,(1 + Zp/ZelIZq) 


The CFA’s transimpedance, which is also a function of fre- 
quency, shows up in both the loop gain and closed loop gain 
equations, Equations 18 and 22. The gain setting imped- 
ances, Ze and Zg, do not appear in the loop gain as a ratio 
unless they are multiplied by a secondary quantity, Zp, so Zr 
can be adjusted independently for maximum bandwidth. This 
is why the bandwidth of CFA’s are relatively independent of 
closed loop gain. When Zp becomes a significant portion of 
the loop gain the CFA becomes more of a constant gain- 
bandwidth device. 


Equation 5, which is rewritten here as Equation 29, 
expresses the error signal as a function of the loop gain for 
any feedback system. Consider a VFA non-inverting configu- 
ration where the closed loop gain is +1; then the loop gain, 
AB, is a. It is not uncommon to have VFA amplifier gains of 
50,000 in high frequency op amps, such as the HA2841 [6], 
so the DC precision is then 100% (1/50,000) = 0.002%. Ina 
good CFA the transimpedance is Z = 6MQ, but Zp =1kQ so 
the DC precision is 100% (10750/6MQ) = 0.02%. The CFA 
often sacrifices DC precision for stability. 


Error = V,/(1 + AB) (EQ. 29) 


The DC precision is the best accuracy that an op amp can 
obtain, because as frequency increases the gain, a, or the 
transimpedance, Z, decreases causing the loop gain to 
decrease. As the frequency increases the constant gain- 
bandwidth VFA starts to lose gain first, then the CFA starts 
to lose gain. There is a crossover point, which is gain depen- 
dent, where the AC accuracy for both op amps is equal. 
Beyond this point the CFA has better AC accuracy. 


The VFA input structure is a differential transistor pair, and 
this configuration makes it is easy to match the input bias 
currents, so only the offset current generates an offset error 
voltage. The time honored method of inserting a resistor, 
equal to the parallel combination of the input and feedback 
resistors, in series with the non-inverting input causes the 
bias current to be converted to a common mode voltage. 
VFAs are very good at rejecting common mode voltages, so 
the bias current error is cancelled. One input of a CFA is the 
base terminal of a transistor while the other input is the out- 
put of a low impedance buffer. This explains why the input 
currents don’t cancel, and why the non-inverting input 
impedance is high while the inverting input impedance is 
low. Some CFAs, such as the HFA1120 [7], have input pins 
which enable the adjustment of the offset current. Newer 
CFAs are finding solutions to the DC precision problem. 


Stability Calculations for Input Capacitance 


When there is a capacitance from the inverting input to 
ground, the impedance Zq becomes Re/(RgCgs+1), and 
Equation 14 can be written in the form of Equation 30. Then 
the new values for Zg are put into the equation to yield 
Equation 31. Notice that the loop gain has another pole in it: 
an added pole might cause an oscillation if it gets too close 
to the pole(s) included in Z. Since Zp is small it will dominate 
the added pole location and force the pole to be at very high 
frequencies. When Cg becomes large the pole will move in 
towards the poles in Z, and the circuit may become unstable. 


AB= Z/(Zg+2Z-/Z¢(Zg +Zp)) (EQ. 30) 
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If Z3 = Re, Ze = Re and Zg = RellCg, Equation 30 becomes: 


Si Z 
AP= RE(1+R,/RplRQ)(RgliR-IRgCgs +1) ‘aaa 


Stability Calculations for Feedback Capacitance 


When a capacitor is placed in parallel with the feedback resis- 
tor, the feedback impedance becomes Zr = R-e/(ReCrs + 1). 
After the new value of Z- is substituted into Equation 30, and 
with considerable algebraic manipulation, it becomes Equa- 
tion 32. 

Z(ReCes + 1) 


AB= R-(1 + (Rg/RplIRg)(RgiIR,IRQO-s + 1) ie) 


The new loop gain transfer function now has a zero and a 


pole; thus, depending on the placement of the pole relative 
to the zero oscillations can result. 


20LOGIZI - 20LOGIR, (1 + Rp/RrllRg)! 


POLE/ZERO 
CURVE 


COMPOSITE 


‘\. J CURVE 
\ 


AMPLITUDE (dBQ) 


LOG (f) 


FIGURE 14. EFFECT OF Cr ON STABILITY 


The loop gain plot for a CFA with a feedback capacitor is 
shown in Figure 14. The composite curve crosses the 0dBQ 
axis with a slope of -40dB/decade, and it has more time to 
accumulate phase shift, so it is more unstable than it would 
be without the added poles and zeros. If the pole occurred at 
a frequency much beyond the highest frequency pole in Z 
then the Z pole would have a chance to roll off the gain 
before any phase shift from Z could add to the phase shift 
from the pole. In this case, Ce would be very small and the 
circuit would be stable. In practice almost any feedback 
capacitance will cause ringing and eventually oscillation if 
the capacitor gets large enough. There is the case where the 
zero occurs just before the AB curve goes through the 0dBQ 
axis. In this case the positive phase shift from the zero can- 
cels out some of the negative phase shift from the second 
pole in Z: thus, it makes the circuit stable, and then the pole 
occurs after the composite curve has passed through 0dBQ. 


Calculations and Compensation for Cg and Cr 


Zg and Zr are modified as they were in the previous two sec- 
tions, and the results are incorporated into Equation 30, 
yielding Equation 33. 

Z(Re-C-es +1 
AB (ReCe ) 


= RQ Ag/ApIRG)(RgIAPIRg(Cp+Cg)set) (EO 39) 


Notice that if the zero cancelled the pole in equation that the 
circuit AC response would only depend on Z, so Equation 34 
is arrived at by doing this. Equation 35 is obtained by alge- 
braic manipulation. 


(ReCes +1) = (RglIRelIRg(Ce +Cg)s +1) (EQ. 34) 


ReCe= CgRRp/(Rg + Rp) (EQ. 35) 
Beware, Rp is a frequency sensitive parameter, and the 
capacitances may be hard to hold constant in production, but 
the concept does work with careful tuning. As Murphy’s law 
predicts, any other combination of these components tends 
to cause ringing and instability, so it is usually best to mini- 
mize the capacitances. 


Summary 


The CFA is not limited by the constant gain bandwidth phe- 
nomena of the VFA, thus the feedback resistor can be 
adjusted to achieve maximum performance for any given 
gain. The stability of the CFA is very dependent on the feed- 
back resistor, and an excellent starting point is the device 
data sheet which lists the optimum feedback resistor for vari- 
ous gains. Decreasing Rr tends to cause ringing, possible 
instability, and an increase in bandwidth, while increasing Re 
has the opposite effect. The selection of Re is critical in a 
CFA design; start with the data sheet recommendations, test 
the circuit thoroughly, modify Re as required and then test 
some more. Remember, as Ze approaches zero ohms, the 
Stability decreases while the bandwidth increases; thus, 
placing diodes or capacitors across the feedback resistor will 
cause oscillations in a CFA. 


The laboratory work cannot be neglected during CFA circuit 
design because so much of the performance is dependent 
on the circuit layout. Much of this work can be simplified by 
starting with the manufacturers recommended layout; Harris 
Semiconductor appreciates the amount of effort it takes to 
complete a successful CFA design so they have made evalu- 
ation boards available. The layout effort has already been 
expended in designing the evaluation board, so use it in your 
breadboard; cut it, patch it, solder to it, add or subtract com- 
ponents and change the layout in the search for excellence. 
Remember ground planes and grounding technology! These 
circuits will not function without good grounding techniques 
because the oscillations will be unending. Coupled with 
good grounding techniques is good decoupling. Decouple 
the IC at the IC pins with surface mount parts, or be pre- 
pared to fight phantoms and ghosts. 


Several excellent equations have been developed here, and 
they are all good design tools, but remember the assump- 
tions. A typical CFA has enough gain bandwidth to ridicule 
most assumptions under some conditions. All of the CFA 
parameters are frequency sensitive to a degree, and the art 
of circuit design is to push the parameters to their limit. 


Although CFAs are harder to design with than VFAs, they 
offer more bandwidth, and the DC precision is getting better. 
They are found in many different varieties; clamped outputs, 
externally compensated, singles, duals, quads and many 
special functions so it is worth the effort to learn to design 
with them. 
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Oscillator Produces Quadrature Waves (HA5025) 


Author: Ronald Mancini 


By employing a high-frequency quad current-feedback 
amplifier (the HA5025) as an RC oscillator, four quadrature 
sine waves can be generated, see Figure 1. The HA5025’s 
four separate amplifiers generate the sine waves, while the 
quad NAND gate, U2, is biased at its threshold, so it acts as 
a sine-wave to square-wave converter when the sine waves 
are AC-coupled into its input. 


The criterion for oscillation is that the open-loop gain be >1 
when the feedback phase shift is zero. In this design, there 
are three noninverting phase-shifting stages and one invert- 
ing phase-shift stage (U1D); thus the phase shift of each 
stage must equal 45 degrees lag. This phase shift plus the 
180 degrees introduced by the phase inversion of U1D 
equals 360 degrees or 0 degrees, resulting in in-phase feed- 
back at the oscillation frequency. 


NOTES: 
1. Diodes are 1N4148 
2. U1 - HA5025, U2 = CD74AC00 


Because the HA5025 features such high open-loop gain- 
bandwidth characteristics, amplifier phase shift is negligible in 
the low MHz range. Thus, each stage’s phase shift is solely 
determined by the passive components. At = 45 degrees, 
R3C; = Rs5Co = 1/(2nf); the component values shown for 
f = 1MHz. The rate of change of phase shift with respect to 
frequency (do/df) is maximum at @ = 45 degrees for this type 
RC circuit. Therefore, the stability is highest for the four-RC 
configuration. The combination of good phase sensitivity with 
no active amplifier phase shift yields a stable RC oscillator 
whose temperature performance depends only on passive 
components. 


Most RC oscillators described in the literature employ a lead 
circuit as the phase-shifting element. While that practice is 
fine for voltage-feedback amplifiers, it results in multiple 


Rs Co 
681 240pF 


Re 
20 


C3p 
0.1uF 


D OUT1 
D OUT2 


D OUT3 


> OUT4 


9 DISABLE 


FIGURE 1. FOUR QUADRATURE SINE WAVES CAN BE GENERATED WITH THIS OSCILLATOR DESIGN, WHICH USES THE 
HAS025 HIGH-FREQUENCY QUAD CURRENT-FEEDBACK AMPLIFIER. THE FOUR SEPARATE AMPLIFIERS 
PRODUCE THE FOUR SINE WAVES. 
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frequency oscillations in  current-feedback amplifiers 
because of their ideal gain flatness performance. The volt- 
age-feedback amplifier’s gain rapidly falls off at higher fre- 
quencies, preventing oscillation beyond the design 
frequency. This also is an indicator of the deleterious phase 
performance associated with the voltage-feedback amplifier. 


Because the voltage gain of each RC network is 0.707, the 
noninverting amplifiers are arbitrarily set at gain of 1.6; the 
inverting stage over all gain also is slightly above one at 
1MHz. By distributing the gain over four amplifiers, the 


resultant open-loop gain can be well controlled. As a result, 
with the aid of Rg, D;, and Ds, the amplitude limiting can be 
limited to minimize sine-wave distortion. Rather good sine- 
wave outputs are available across C1,, Cip, Cic, and the 
output of U1D. This RC concept can be extended to well 
above 20MHz using the HA5025 with just a slight frequency 
drift. The quadrature sine waves are AC-coupled to a quad 
CMOS gate biased at its threshold by R7 and Rg to obtain 
quadrature square waves. If these square waves aren't 
exactly 45 degrees phase-shifted from each other, adjust the 
bias circuit or add independent bias networks. 
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Low Output Impedance MUX (HA5022) 


Author: Ronald Mancini 


Two common problems will surface when trying to multiplex 
multiple high-speed signals into a low-impedance load, such 
as an analog-to-digital converter. The first is the low load 
impedance, which tends to make amplifiers oscillate and 
thus causes gain errors. The second problem involves the 
multiplexer, which supplies no gain, introduces distortion, 
and limits the frequency response. 


Using op amps that have an enable/disable function, such as 
the HA5022, will eliminate the multiplexer problems. That's 
because the external multiplexer chip isn’t needed, and the 
HA5022 can drive low-impedance (large capacitance) loads 
if a series isolation resistor is employed. 


Looking more closely at the circuit, both inputs are termi- 
nated in their characteristic impedance; 75Q is typical for 
video applications, see Figure 1. Because the output cables 
usually are terminated in their characteristic impedance, the 
gain is 0.5. Consequently, amplifiers U2A and U2B are con- 
figured in a gain of +2 to set the circuit gain at 1. Ro and R3 
determine the amplifier gain; if a different gain is desired, R» 
should be changed according to the equation: 

G = (1+ Ro/Ro). 


INPUT B 


INPUT A ce 


CHANNEL 
SWITCH ~ 


INHIBIT e 
Dip 


1N4148 


R3 sets the amplifiers frequency response, so it’s best to 
check the manufacturer's data sheet before changing its 
value. 


Rs, C1, and D, make up an asymmetrical charge/discharge 
time circuit that configures U1 as a break-before-make 
switch to prevent both amplifiers from being active simulta- 
neously. If this design is extended to more channels, the 
drive logic must be designed to be break-before-make. Also, 
the inhibit input is only functional when the channel switch 
input is high. Rq is enclosed in the feedback loop of the 
amplifier so that the large open-loop amplifier gain of U2 will 
present the load with a small closed-loop output impedance 
while keeping the amplifier stable for all values of load 
Capacitance. 


The circuit shown was tested for the full range of capacitor 
values with no oscillations observed. Thus, the problem is 
solved. The circuit's frequency and gain characteristics are 
now those of the amplifier independent of any multiplexing 
action. This essentially solves the second problem. The mul- 
tiplexer transition time is approximately 15us with the com- 
ponent values shown. 


5 OUTPUT 


NOTES: 
1. U2: HA5022 
2. U1: CD4011 


i i 


=" 0.047F 


FIGURE 1. THIS LOW-OUTPUT IMPEDANCE MULTIPLEXER WILL SOLVE PROBLEMS OF OSCILLATION CAUSED BY LOW LOAD 
IMPEDANCE, AS WELL AS DISTORTION AND LIMITED FREQUENCY RESPONSE INTRODUCED BY THE MULTIPLEXER. 
THE SECOND PROBLEM IS SOLVED BECAUSE THE FREQUENCY AND GAIN CHARACTERISTICS BECOME THOSE OF 
THE AMPLIFIER, INDEPENDENT OF THE MULTIPLEXER. 
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Video Cable Drivers Save Board Space, Increase Bandwidth 
(HFA1112, HFA1114) 


Author: Jeff Lies 


Designing video cable drivers seems to be a fairly simple 
task. Just buy an amplifier with enough bandwidth, high 
output current, a gain of two or greater (eliminating most 
buffers) to counteract attenuation from back-terminating the 
cable, and good video specifications (gain flatness if you are 
designing for component video; differential gain and phase if 
you are designing for composite video), and you're in 
business. 


Of course, picking a current feedback amplifier adds a few 
additional worries such as choosing the optimum feedback 
resistor, and minimizing the capacitance on both the sum- 
ming node (-Input) and output. Still another problem is 
achieving the desired performance at typical video loads 
(<75Q. if driving multiple back-terminated cables). 


Choosing dual or quad amplifiers and/or SOIC packaging 
complicates the equation even further. How does the 
engineer find a way to optimally place eight gain-setting 
resistors, not to mention termination resistors, around a 
quad amplifier in an SOIC package? There is no easy 
solution. Compromises must be made, which usually result 
in inadequate terminations or long trace lengths. 
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GAIN AT CABLE OUTPUT 


FREQUENCY 


FIGURE 1. PERFORMANCE RESULTS INDICATE THAT THE 
HFA1112 AMPLIFIER’S 550MHz BANDWIDTH 
DECREASES TO 40MHz WHEN DRIVING 100 FEET 
OF BACK-TERMINATED CABLE. THIS SUPPORTS 
THE HYPOTHESIS THAT A CABLE DRIVER’S 
PERFORMANCE DEGRADES WHEN DRIVING 
LONG CABLES. 
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Specialized ICs can simplify the task of cable driver design 
and board layout. However, even the best cable driver can’t 
solve all problems. 


A common complaint when working with long cables 
involves a particular type of image degradation. The display 
in question exhibits bright horizontal lines but gray vertical 
lines. Since it is well known that narrow vertical lines require 
higher bandwidth to be displayed properly, the bandwidth 
obviously is being limited somewhere in the system. Invari- 
ably, substituting a shorter cable dramatically improves the 
image quality, leading to the hypothesis that the cable 
drivers performance degrades when driving long cables. 
This hypothesis requires some scrutiny. 


It's true that circuit performance changes when driving cables, 
but is it really the cable driver that is at fault? Figure 1 
illustrates the performance of Harris Semiconductor's 
HFA1112 amplifier driving 100 feet of back-terminated cable. 
It shows that the amplifiers 550MHz bandwidth decreases to 
40MHz over the measured range, lending credence to the 
previous hypothesis. But what's really happening? 


RESPONSE OF 
CABLE ONLY 


GAIN AT CABLE OUTPUT 


RESPONSE OF 
HFA1112 AND 


100MHz 
FREQUENCY 


FIGURE 2. ALTHOUGH USUALLY TAKEN FOR GRANTED, 
LONG CABLES CAN LIMIT SYSTEM BANDWIDTH 
TO LOW FREQUENCIES, AS IS EVIDENT IN THIS 
COMPARISON BETWEEN THE FREQUENCY 
RESPONSE OF THE HFA1112 DRIVING THE 
CABLE AND THE RESPONSE OF THE CABLE 
ALONE. 
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Many engineers forget that all electrical elements have finite 
bandwidth. Cables are usually taken for granted, but long 
cables can limit system bandwidth to surprisingly low fre- 
quencies. For example, a comparison of the frequency 
response of the HFA1112 driving the same 100 feet of cable 
to the response of the cable alone shows that the problem 
isn’t the cable driver, but rather the cable itself (see 
Figure 2). 


It is abundantly clear from Figure 2 that the cable perfor- 
mance itself limits the system performance for most of the 
frequency range. Throwing a higher bandwidth driver at the 
cable will, in fact, gain the engineer designing the system 
nothing, because you can’t get more bandwidth than the 
cable allows. 


Upgrading to a higher performance cable, such as a Belden 
8281 or equivalent, is one solution to boosting system band- 
width. There are at least two downsides to this option, how- 
ever. The first is that it introduces significantly higher cable 
costs. The second is problems presented to technicians who 
have to work with more rigid cables. 


A better solution may be to use a cable driving buffer such as 
Harris’ HFA1114. The driver’s frequency response is tunable 
for a specific cable length via components connected to the 
summing node (see Figure 3). By shunting R;, Re acts to 
increase the amplifiers gain while Cc controls the cut-in 
frequency of the compensation. 


These three components peak the amplifiers frequency 
response to counteract the cable’s roll-off characteristic. By 
squeezing more bandwidth out of a given cable, higher-per- 
formance cables aren't needed. 


An unexpected but welcome side effect of this particular 
solution is that using the on-chip gain-setting resistors frees 
up board space for the compensation components. 


HFA1114 


FIGURE 3. INSTEAD OF UPGRADING TO A HIGHER 
PERFORMANCE CABLE TO INCREASE SYSTEM 
BANDWIDTH, A CABLE DRIVER LIKE THE HFA1114 
CAN BE EMPLOYED. THE DRIVER’S FREQUENCY 
RESPONSE IS TUNABLE FOR A SPECIFIC CABLE 
LENGTH VIA THE COMPONENTS CONNECTED TO 
THE SUMMING NODE. 
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Video Multiplexer Delivers Lower Signal Degradation (HA5024) 


Author: Ronald Mancini 


Video multiplexers pose a difficult design challenge. They 
must perform several functions, such as matching the input 
line impedance, signal amplification, signal switching, and 
driving the output line, without degrading or adding noise 
and transients to the signal. Typically, the signal flows 
through the multiplexer where it’s degraded by the multiplex- 
ers errors. In this design, the signal flows through the op 
amp and thus isn’t degraded by the multiplexer. 


This circuit can multiplex several sources like VCRs, tuners, or 
cameras into a single monitor, see Figure 1. The HA5024/P 
quad op amp performs all of the multiplexer and amplification 
functions with the aid of the TTL decoder. It exceeds the gain 
flatness, differential phase, and differential gain specifications 
for NTSC video, without adding the offset voltages, gain vari- 
ability, or transients associated with multiplexers. 


Turning our attention to op amp U1A, R, terminates the input 
cable in its characteristic impedance, which usually is 75Q in 
video systems. Ry back terminates the output cable in its 
characteristic impedance of 750. Because the cable termi- 
nation is 75Q, it forms a voltage divider with Ry, which has a 
gain of 0.5. The op amp is configured for a gain of two, there- 
fore the circuit has an overall gain of one when driving a dou- 
ble terminated cable. The value of R3 can be changed 
according to the formula G = 0.5 (1 + Ro/R3). Ro determines 
the video performance of the op amp, so it should not be 
changed. The circuits U1B through U1D, perform similarly. 


If more than one video output is needed, Ry, Rg, Ry2, and 
Rig can be paralleled with 75Q resistors. Each resistor is 
connected from the respective op amp output to a second 
video output that can drive another 75Q cable. 


U2 is configured as a two-to-four line decoder, with AO and 
Ai acting as the select inputs and E3 as the enable input. All 
of the amplifiers are disabled when E3 is low, so there’s no 
output signal. When E3 is high, the select inputs determine 
the video input that’s connected to the video output. If E3 is 
used to disable the outputs when the select inputs are 
changed, there will be minimal bus contention transients dur- 
ing switching. However, if hot switching is desired, a break- 
before-make delay circuit should be placed in series with the 
Yy lines. Because all of the signal switching occurs within 
the HA5024IP, the amplifiers differential phase and gain 
parameters (0.03 degrees and 0.03%, respectively) deter- 
mine the circuit’s performance. 


It’s easy to multiplex any number of channels with this 
scheme because the single and dual versions of the op amp 
help minimize the number of ICs required for a given design. 
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In addition, the decoder can be easily extended to 3 to 8 
using the same IC or 4 to 16 using a different decoder. The 
circuit given here switches in less than a microsecond. 


VIDEO OUTPUT 
TO 752. LOAD 


e AO 
SELECT 
INPUTS 


D Al 


0 E3 
ENABLE 
INPUT 


-5V IN -5V 


+5V IN 5 +5V 


+ 
O1nF TT 10uF 


NOTES: 
1. U1 is HA5024/P 
2. All resistors in Q 
3. U2 is CD74HC238 
4. Use ground plane 


FIGURE 1. SEVERAL DIFFERENT SOURCES, SUCH AS VCRs, 
TUNERS, OR CAMERAS, CAN BE MULTIPLEXED 
INTO A SINGLE MONITOR USING THIS VIDEO 
MULTIPLEXER. WITH THE AID OF TTL DECODER, 
THE HA5024IP QUAD OP AMP PERFORMS ALL 
MULTIPLEXER AND AMPLIFICATION FUNCTIONS. 
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Basic Analog for Digital Designers 


Authors: Ron Mancini and Chris Henningsen 


What Is This Application Note Trying To Kirchoff’s voltage law states that the algebraic sum of the 
Accomplish? voltages around any closed loop equals zero. The sum 
includes independent voltage sources, dependent voltage 
There is a long gap between engineering college and mid _ sources and voltage drops across resistors (called IR drops). 
career in a non-engineering position, but technology 
marches on so a simple method of keeping abreast with the 
latest developments is required. This application note starts 
with an overview of the basic laws of physics, progresses 
through circuits 1 and 2, and explains op amp operation 
through the use of feedback principles. Math is the founda- 
tion of circuit design, but it is kept to the simplest level possi- 
ble in this application note. For more advanced op amp 
topics please refer to the technical papers listed in refer- 
ences 1 and 2. 
V - Vp - Vao = 0 or V=Vp + Vpo (EQ. 2) 
Basic Physics Laws, Circuit Theorems x voltage sources = = voltage drops (EQ. 3) 


and Analysis FIGURE 2. ILLUSTRATION OF KIRCHOFF’S VOLTAGE LAW 


Good news and bad news. The bad news is that it takes a 
certain amount of dog work, like relearning physics and 
circuit theorems, before proficiency becomes second nature. 
The good news is that if you just hang in for a few pages you 
will experience the joy of analyzing circuits like an expert. 
You will gain ten years experience in a few hours. You will be 
able to write op amp equations like a design engineer. You 
might think this is a worthless effort, but imagine the look on 
the analog engineer's face, the one who thinks non-analog 
engineers are as dumb as a box of rocks, when you write 
your Own op amp circuit equations. 


Kirchoff’s current law states that the algebraic sum of all the 
currents leaving a node equals zero. The sum includes 
independent current sources, dependent current sources, 
and component currents. 


lytlo=lg+ly (EQ. 4) 
Ohm’s and Kirchoff’s Laws 

ly + Ip -Ig -lg = 0 (EQ. 5) 
Ohm's law states that there is a relationship between the 
current in a circuit and the voltage potential across a circuit.» Currents into a junction = 0 (EQ. 6) 
This relationship is a function of a constant called the 
resistance. FIGURE 3. ILLUSTRATION OF KIRCHOFF’S CURRENT LAW 


Voltage and Current Dividers 


R | Voltage dividers are seen often in circuit design because 
they are useful for generating a reference voltage, for biasing 
active devices, and acting as feedback elements. Current 
dividers are seen less often, but they are still important so 
we will develop the equations for them. The voltage divider 
equations, which assume that the load does not draw any 
current, are developed in Figure 4. 


FIGURE 1. ILLUSTRATION OF OHM’S LAW 
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V = IR, +IR, =I(R, +Ro) (EQ. 7) 
V 
Dat ae 
(A, +R) (EQ. 8) 
_ 7 V . ie EQ. 9 
Vp = IR, = i, Ae VR, =i ( ) 


FIGURE 4. DERIVATION OF THE VOLTAGE DIVIDER RULE 


The current divider equations, assuming that the only load is 
Ro, is given in Figure 5. 


L=1,4l, (EQ. 10) 

V =1,R, = IR, (EQ. 11) 

iy = be (EQ. 12) 

l=1,+lp = ape tes ol +a) {a | (EQ. 13) 
Ry 

Then: ae es (EQ. 14) 


FIGURE 5. DERIVATION OF THE CURRENT DIVIDER RULE 


Thevenin’s and Norton’s Theorems 


There are situations where it is simpler to concentrate on one 
component rather than write equations for the complete circuit. 
When the input source is a voltage source, Thevenin’s theorem 
is used to isolate the component of interest, but if the input 
source is a current source, Norton’s theorem is used to isolate 
the component of interest. 


To apply Thevenin’s theorem one must look back into the 
terminals of the component being replaced. Now calculate the 
open circuit voltage seen at these terminals, and during this 
calculation consider that there is no load current so the voltage 
divider rule can be used. Next short independent voltage 
sources and open independent current sources; now calculate 
the impedance seen looking into the terminals. The final step is 
to replace the original circuit with the Thevenin equivalent 
voltage, Vi,, and Thevenin equivalent impedance, Zip. 


Thevenin’s theorem is illustrated in Figure 6. 


FIGURE 6. THE ORIGINAL CIRCUIT 


The open circuit voltage is calculated by looking into the 

terminals X - Y, and then calculating the open circuit voltage 

with the voltage divider rule. 
R 


_ 2 (EQ. 15) 
R, + Ro 


Vin = V 


The impedance looking back into the terminals X - Y with the 
independent source, V, shorted is given below. 


R,R 
+R 
Zth = 2x-y = 


x-y A,+Rp WR, 


(EQ. 16) 


The circuit to the left of X - Y is now replaced by the 
Thevenin equivalents. 


Vih © Vo 


(EQ. 17) 


FIGURE 7. THE THEVENIN EQUIVALENT CIRCUIT 


The loop equations are worked out below. Notice that not 
only is the derivation of the equations more laborious, but 
the labor will get out of hand with the addition of another 
loop. This is why Thevenin’s theorem is preferred over loop 
equations. 


os 
In(Ro + Rg+Ry)= 14Ro (EQ. 19) 
R,+R,a+R 
2 3 4 
I, = ~ Ro lo (EQ. 20) 
(Ro +R, + Ry) 
2— Re (Ry +Ro)-IpRo (EQ. 21) 
= V 
2 Ro +Ra+R 
2t+Rg+R, (EQ. 22) 
Ra 
VOo=V moe 
(Ro +R3+R,4)(R, + Ro) R (EQ. 24) 
Ro 2 
2 


FIGURE 8. LOOP EQUATION ANALYSIS OF THE SAME 
CIRCUIT 
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The Norton equivalent circuit is seldom used in circuit 
design, so it’s derivation [3] and illustration will be left to the 
serious student. 


Superposition 


The principle of superposition states that the equation for 
each independent source can be calculated separately, and 
then the equations (or results) can be added to give the total 
result. When implementing superposition the equation for 
each source is calculated with the other independent voltage 
sources short circuited and the independent current sources 
open circuited. The equations for all the sources are added 
together to obtain the final answer. 


Vi Re 


| 
1 


FIGURE 9. SUPERPOSITION EXAMPLE 


V __ Poly yy oe 
Oly, =0 R,+R,IlR, 1 Civ, =0 R5+R, IIR, 2 
(EQ. 25) 
Rolly R, IIR, 
Vo = Vor + Voa= V1 + RIA, “2R5+R, IR, (EQ. 26) 


Analysis Tools - Why Do We Need More 
Than One? 


Each one of the analysis tools shown has a place where it is 
optimal. Later during the op amp analysis the tools will be 
employed to relieve the burden of detailed calculation. 
Figures 10 and 11 illustrate an example of the extra 
calculations caused by using the less optimal tool to perform 
the analysis. 


R, + R3 
Vo 
whe 
Ro 


Vth = R,+Ro Vi Rin = Ry l Ro 


(EQ. 27) 


FIGURE 10. SUPERPOSITION EXAMPLE REDRAW 


(EQ. 28) 
Rth Ry [x 
Vo 


“x ot 


FIGURE 11. THEVENIN EQUIVALENT CIRCUIT MODEL 


RV 
Pn 21 
R,+Ro, 

=Vo-s-e wes (EQ. 29) 

R,l|R,+R, 
Notice that the Thevenin method used twice as many 
equations to describe the circuit as were required to arrive at 
the same result with superposition. Also, the form of the final 
equation arrived at by superposition is much easier to 
analyze. 


Feedback Principles 


This discussion of feedback principles is simple because 
they are easy to understand. The application of the princi- 
ples can be very complicated for the design engineer, but we 
can grasp the principles without understanding all of the 
nuances. If this material creates a thirst it may be slaked by 
reading references 2 and 3. 


E 
oo Ones ve 
FIGURE 12. FEEDBACK BLOCK DIAGRAM 
_ EQ. 
Vour = EA (EQ. 30) 
E = Vin-BVour (EQ. 31) 
V 
OUT_ A 


Equations 30 and 31 are written on the block diagram, and 
Equation 32 is obtained by combining them to eliminate the 
error, E. If B = 1 in Equation 32 Voyy = Vin, or the feedback 
circuit has turned into a unity gain buffer. If 8 = 0 in Equation 
32 Vout = AVin, or there is no feedback. Notice that the 
direct gain, A, does not control the feedback circuit closed 
loop gain; rather, the feedback factor, B, controls the closed 
loop gain in a feedback circuit. This is the essence of a feed- 
back circuit; now the closed loop gain is a function of the 
feedback factor which is comprised of passive components. 
The closed loop gain error, stability and drift are now depen- 
dent on stable, accurate, and inexpensive passive compo- 
nents. The closed loop gain assumption is valid as long as 
AB>>1, also E = 0 if this assumption is valid. 


If AB = -1 then Equation 32 becomes Voyr7/Vin = 1/0, or it is 
indeterminate. If the energy in the circuit was unlimited the 
circuit would consume the world, but luckily it is limited, so 
the circuit oscillates from positive to negative saturation. This 
is an oscillator, thus the definition of an oscillator is that the 
gain be 21 while the phase shift equals -180 degrees. Now 
we conclude that the feedback factor controls the closed 
loop gain, and the direct gain/feedback factor combination 
determines if the circuit will be stable or will be an oscillator. 
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The Op Amp Symbol 


It is important to understand the op amp symbol shown in 
Figure 13. The -input, V-, is the inverting input, and the 
+input, V+, is the non-inverting input. The point of the trian- 
gle is the op amp output, and the op amp multiplies the dif- 
ferential voltage, (V+ - V-), by a large gain, a. 


The Inverting Op Amp 


Three assumptions are made in the calculation of the invert- 
ing Op amp circuit equations. First, the current into the op 
amp inputs, Ip in Figure 13, is assumed to be zero; this is a 
valid assumption because the bias currents are usually 
much lower than signal currents. The second assumption is 
that the op amp gain, a, is extremely high, and this is a valid 
assumption in most situations where the op amp’s band- 
width is much greater than the signal bandwidth. The third 
assumption, which is that the error voltage, Ve, equals zero, 
is a result of assuming an extremely high op amp gain. 
When a is very large Voy7, can assume any value required 
to drive the inverting input voltage to the non-inverting input 
voltage, so V_ will always be forced to zero. 
\— lb— 


FIGURE 13. INVERTING OP AMP CIRCUIT 


Assume lp = 0, Ve = 0, a= 


Then: 
V V 
IN OUT 

A. ee cee a Wo ee ee EQ. 33 
1 G 2 Re ( ) 
Vin Re = - Vout Re (EQ. 34) 
V R 

OUT F 

So SS EQ. 35 
VIN Re ( ) 


Equation 33 is written by applying Kirchoff’s current law to 
the inverting node. Equation 35 is obtained through alge- 
braic manipulation of Equations 33 and 34. Note that the 
ideal closed loop gain, Equation 33, does not contain the op 
amp gain, so it is independent of the op amp gain so long as 
the assumptions are valid. 


The inverting op amp can be configured as an inverting 
adder as shown in Figure 14. The analysis is similar to that 
shown for the inverting amplifier, but it is easier to 
understand if the concept of a virtual ground is understood. 
Virtual is defined as “existing or resulting in effect though not 
in actual fact”. The inverting node acts as a real ground 
because no voltage is developed across it, but the current 
path is restricted to the PC traces attached to the node. The 
non-inverting input of the op amp is connected to ground, 
thus if the error voltage is to be zero as was assumed, the 
inverting input functions as though it were tied to ground. 
Considering the virtual ground, the three currents flowing 
through Rg}, Ree, and Reg can be calculated separately. 


Now superposition can be applied to the circuit; Equation 36 
calculates the gain for each independent source, and 
Equation 37 recombines the separate gains. 


\_— l—> 


R 
F F 

V = -V,._— , V =-V,—  ,V = -V,— EQ. 36 

01 1R 02 = VaR,’ Vos = VaR, ( ) 
V Te ae ee ek (EQ 

= Voy +Vo9 +Vog= Vie -Voo Veo (EQ. 37) 

our ~ "o1* Yo2* Nos" “N1RG, '2Rgp 2Rgg 
If Re / Rex =1 Then; 
Vour = 4¥1 +Vo+Vs) (EQ. 38) 


The Non-Inverting Op Amp 


Referring to Figure 15, because V¢ is equal to zero the volt- 
age at point X is equal to Viy. There is voltage divider 
formed by the feedback resistor, Re, and the gain setting 
resistor, Rg, and the voltage divider input voltage is the out- 
put voltage of the op amp. Equation 39 is written using the 
voltage divider rule, and Equation 40 is obtained through 
algebraic manipulation. Notice that the ideal closed loop 
gain is again independent of the op amp gain. 


V R 
OuUT"G 
Vg = = EQ. 39 
IN Re+Re ( ) 
“sor "re? Mc a 
VIN Re 


The Differential Amplifier 


The differential amplifier schematic is given in Figure 16, and 
the analysis will be done in two parts because we will use 
superposition. Two output voltages, one corresponding to 
each input voltage source, will be calculated separately and 
added together. The output from V, is calculated in 
Equation 42; V+ is first calculated with the voltage divider 
rule, and then it is substituted into the non-inverting gain 
equation yielding Equation 43. The output from V> is calcu- 
lated from the inverting gain equation in Equation 44. The 
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results of Equations 43 and 44 are added in Equation 45 to 
obtain the complete circuit equation. Notice that the output is 
a function of the difference between the two input voltages, 
this accounts for the name differential amplifier. 


lf a small signal is riding on a large signal, say 10mV, 
0.001Hz riding on 5Vpc, the DC can be stripped off by 
putting the combined signal into the non-inverting input, and 
putting 5Vp¢ into the inverting input. The 5Vpc¢ becomes a 
common mode signal (a signal which is common to both 
inputs), so it is rejected by the differential amplifier if Ry = Rs, 
and Ro = Ry. 


© Vout 


T 
V- 
& 


FIGURE 16. THE DIFFERENTIAL AMPLIFIER 


Your = “out, ** out, (EQ. 41) 
R, Ro 
Vout = V+ ‘r V+ VIR +R; (EQ. 42) 
V Re | (EQ. 43) 
R4 
Vout, = Y2|- &, (EQ. 44) 
R R,+R R 
2 gt 4 
V =V -Vo a EQ. 45 
OUT 1 an | R, 2R, ( ) 
If R, = R3 and Ro = R, 
4 
Vout = (V1 YOR, (EQ. 46) 


This effect could be accomplished through the use of a cou- 
pling capacitor, but because the frequency of the signal is so 
low the capacitor value and size would be too big. The differ- 
ential amplifier also rejects AC common mode signals. Data 
transmission schemes often use twisted pairs for the inter- 
connections so that any noise coupled on the lines will be 
common mode. Differential amplifiers are used as receivers 
in this data transmission scheme because they reject the 
common mode noise while amplifying the signal. 


T Networks in the Feedback Path 


Putting a T network in the feedback path as shown in 
Figure 17 complicates the analysis, but offers the advantage 
of high closed loop gain coupled with low value feedback 
resistors. This configuration is also useful for some filter 
configurations. Thevenin’s theorem is applied as shown in 
Figure 18. Look into R, from X, Y and calculate the Thevenin 


equivalent voltage and resistance, then redraw the circuit as 
shown in Figure 18. Now the inverting gain can be calculated 
in the normal manner using the algebraic simplification 
shown in Equation 48. 


© Vout 


FIGURE 18. THEVENIN ANALYSIS OF T NETWORKS IN THE 


FEEDBACK PATH 
VaR V R,+R 
04 th "2+ Mth 
= po Rin = AgllRy- = = EQ. 47 
th Ry+R, th ana Vin R, ( ) 
Ryo + woe 
_Yout_ de Mae (lc ke R3+R,R,+R, 
VIN Ry Ry Ry. Ry 
RR 
ang 
Ro +Ra+ R, 
Shp eect (EQ. 48) 
Ry 
Video Amplifiers 


Until now we have implicitly assumed that all op amps are 
the same. This is not true, but because the ideal closed loop 
equations are identical, it is a workable assumption. The two 
big classifications of op amps are voltage feedback and cur- 
rent feedback. The type of feedback is not the only difference 
between these op amps. The internal circuit configurations 
are dramatically different, so much so that recommended 
reference #1 dwells on voltage feedback while reference #2 
dwells on current feedback. Whenever an op amp is used in 
a high frequency circuit such as a video amp there is a 
strong likelihood that it will be a current feedback op amp. 
Again, because the closed loop ideal gain equations are 
identical for voltage and current feedback op amps we will 
not distinguish between them. 


In Figure 19, Rix is usually the terminating resistance for the 
input cable, and it is usually 50Q or 75Q. Rry is the matching 
resistance for the cable being driven, and Ry is the terminat- 
ing resistance for the driven cable. Ry is often shown here for 
gain calculations while it is physically placed at the cable 
end. Using Equation 49, we see that when Rg = Rr and 
Ru = Rr, the overall circuit gain is one. 
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V Re+R R 

OUT F G T 
"ae ae (EQ.49) 
AC Theory 


The emphasis here is on capacitors because they are 
responsible for the vast majority of AC effects. The capacitor 
has an impedance and a phase shift both of which are a 
function of frequency. Although it is paramount in stability 
calculations, we will neglect the phase shift because you can 
obtain a reasonable understanding of circuit performance by 
just considering the impedance. Referring to Equation 50 it 
is apparent that when the frequency is very high, s = jw is 
very high, so the capacitor impedance, Xc, is very low. The 
converse happens when the frequency is very low. 


The key to this section of AC theory is that high frequency 
means low capacitive impedance, and low frequency means 
high capacitive impedance. At F = ~, Xc = 0, and at F = 0, 
Xo = «. At intermediate values of frequency the capacitive 
impedance must be calculated with the assistance of Equa- 


tion 50. 
1 —)» 3% 
FIGURE 20. CAPACITOR IMPEDANCE 
ol ie a te all 
Xo = ga = iat where S = jw and j = J-1 (EQ.50) 


Op Amp Circuits Containing Capacitors 


Referring to Figure 21, when F = 0, X¢ = ~ so the gain, 
G = -Re/Rg. When F = », Xo = 0 then G = 0. The gain starts 
off high and decreases to zero at very high frequencies. Very 
often Ce is an unwanted stray capacitor which yields an unde- 
sirable effect; namely, the circuit loses high frequency perfor- 
mance. 


FIGURE 21. LOW PASS FILTER 


A high pass filter is shown in Figure 22. At F = 0 the gain is 
(Re + Rg)/Rr, and at very high frequencies the gain tries to 
approach the op amp gain, a. Sometimes the stray input 
capacitance forms this circuit, and the result is unwanted 


peaking or overshoot because the capacitor phase shift | 


tends to make the circuit unstable. 


1° 
= Rr 


FIGURE 22. HIGH PASS FILTER 


This general method is useful for analyzing the performance 
of op amp circuits which have capacitors. Depending on 
where they are connected the capacitors can stabilize or 
destabilize the op amp, but they always shape the transfer 
function in the frequency domain. 


Conclusion 


Some algebra, the basic laws of physics, and the basic cir- 
cuit laws are adequate to gain an understanding of op amp 
circuits. By applying these tools to various circuit configura- 
tions it is possible to predict performance. Further in-depth 
knowledge is required to do op amp design, and there are 
many sources where this knowledge can be obtained. Don't 
hesitate to try some of these tricks on your local circuit 
design engineer, but be aware that it may result in a long lec- 
ture about circuit design. 
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Component Video Sync Formats (HFA1103) 


Author: Chris Henningsen 


Introduction 


This application note will examine a variety of sync formats 
and a method for removing the sync pulse from component 
video signals (see Figure 1). The HFA1103 is a Video Op 
Amp with an open emitter NPN transistor output stage that is 
ideal for video signal amplification and sync _ stripping 
functions. This product was developed for video design 
engineers who need to remove sync from component RGB 
(red, green, blue) and monochrome RS-170 video data (see 
Figure 7). Recently the term RGB has been turned around 
and called GBR (green, blue, red) as video distribution 
systems normally put green on channel 1, blue on channel 2 
and red on channel 3. This is consistent with the hook-up of 
the color difference standards. 


TABLE 1. RGB STANDARDS SPECIFICATIONS (BROADCAST 
ENGINEERING 11/94) 


SMPTE/ NTSC NTSC 
EBUN10 | (NO SETUP) (SETUP) 


Max 700mV 714mV 714mV 


Table 1 lists standards specifications for SMPTE and NTSC 
video signals. All have 1Vp.p signals with sync signals 
ranging from -286mV to -300mV. A typical 1Vp_p video signal 
consists of up to +700mV of active video on top of a -300mV 
sync pulse. The application circuit shown in Figure 2 will strip 
off the sync pulse and transmit only the positive video data. 
See the Harris Application Note AN9514 titled “Video 
Amplifier with Sync Stripper and DC Restore” for additional 
details on this circuit. This circuit is useful in a variety of 
video processing applications such as; RGB video digitizing, 
RGB video distribution amplifiers for workstations and PC 
networks, and RGB monitor preamplifiers. When digitizing 
RGB video it is not necessary to digitize the sync pulse, so 
removing sync allows the full dynamic range of the A/D 
converter to be used on just the video data, resulting in a 
30% increase in image resolution. In video distribution 
amplifiers, which are driving a number of video channels, it is 
undesirable to require separate switching channels for the 
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sync signals. Sync is generally combined with the video 
signal, resulting in lower system costs by minimizing the total 
number of switching channels required. Certain applications, 
such as some RGB monitors, can't handle sync on the video 
signal and it must be stripped off, usually by a stage on the 
output of the distribution amplifier. Now that we know some 
of the applications where sync removal is important, let's 
look at why and where sync signals are used. 


0 to 
+0.7V 
Oto 4 
-0.3V V 


COMPONENT (RGB) 
VIDEO INPUT 


HFA1103 OUTPUT 


FIGURE 1. SYNC STRIPPER WAVEFORMS 


FIGURE 2. HFA1103 APPLICATION CIRCUIT VIDEO AMPLIFIER 
WITH SYNC STRIPPER 


Transmitting two-dimensional moving pictures electronically 
requires the handling of a large amount of information and 
this is done by slicing the 2-D picture into horizontal strips of 
video and sending them sequentially. At the receiving end, or 
video monitor, the video information is recreated in scan 
lines on the display screen. This process continues until all 
of the scan lines needed for the picture are complete. Each 
complete picture refresh is called a frame, and typical frame 
refresh rates vary from 25 to 30 frames/s for broadcast video 
up to 72 frames/s in high performance video systems. 


Sync signals are used to ensure that the scan lines are cor- 
rectly placed on the display screen. A horizontal sync pulse is 
used to indicate the end of each scan line and signals the mon- 
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itor to return to the left edge of the screen to begin the next 
scan line, below the one just completed. A vertical sync pulse is 
used to tell the monitor that the bottom of the picture has been 
reached, and that the next scan line will start at the top again. 
This is similar to a carriage return on a typewriter, where a scan 
line is equivalent to a single line of text and a frame of video is 
equivalent to a complete page of text (see Figure 3). 


HORIZONTAL CARRIAGE 
—_— SYNC —_— RETURN 
VIDEO TEXT 
VERTICAL PAGE 
SYNC RETURN 


FIGURE 3. HORIZONTAL AND VERTICAL SYNC IS 
ANALOGOUS TO TEXT CARRIAGE RETURN 
AND END OF PAGE 


The scan lines are formed by moving a spot of light, scan- 
ning left to right and top to bottom, in a pattern called a ras- 
ter. As the spot traces out the raster pattern, it is modulated 
by the video signal to form the picture. Monochrome (black 
and white) systems require just one video signal, plus the 
horizontal (H) and vertical (V) sync pulses, for a total of three 
signals. Color computer systems require one signal each for 
red, green and blue, plus V and H sync pulses for a total of 
five signals. There are a variety of techniques used to 
reduce the number of wires needed to transmit these five 
signals. 


Computer Systems 


In computer systems the monitor is generally located close 
to the CPU and separate wires can be used for Red, Green, 
Blue and Horizontal and Vertical sync signals. It is common 
for monitors to be hooked up using a single connector hous- 
ing the five separate wires. This approach is referred to as 
RGBHV. As the distance between the monitor and the com- 
puter increases, it is more convenient and less costly to use 
fewer wires. Combining both the horizontal and vertical sync 
into a single composite sync signal results in a four wire sys- 
tem, eliminating one wire. This approach is referred to as 
RGBS, where S is the composite sync signal. RGBS system 
monitors contain circuits to recreate the horizontal and verti- 
cal sync signals from the composite sync. Another wire can 
be eliminated by combining sync with a video channel. This 
is possible because sync pulses only occur between scan 
lines (horizontal sync) and between frames (vertical sync), 
when video signals are not present. Typically the composite 
sync is carried by the green channel and this 3-wire system 
is referred to as RGsB or SOG for sync-on-green. RGsB sys- 
tem monitors have circuits to identify composite sync from 
the RGsB video and to separate it into its horizontal and ver- 
tical sync components. In some cases sync is combined with 
all three color channels; red, green and blue, and is referred 
to as RsGsBs. We have now discussed how to transmit 
video using 5 wire RGBHV, 4 wire RGBS and 3 wire RGsB 
approaches (see Figure 4), with the major differences being 
the way in which the horizontal and vertical sync signals are 


handled. Using fewer wires is an obvious advantage in appli- 
cations with long cable lengths between the computer and 
monitor. Many multisync monitors accept all three formats of 
RGB and sync, as they have circuits to adapt automatically 
to the type of RGB signal present. Other monitors are 
designed to work specifically with one of the RGB formats 
and the sync must be removed from green in RGsB or from 
all three channels in RSGsBs before driving the monitor. This 
is one of the primary applications for the HFA1103 video op 
amp with sync stripper. 


RGBHV - 5 WIRE RGBS - 4 WIRE RGsB - 3 WIRE 
RED RED 
GREEN GREEN 
BLUE AND SYNC 
H SYNC COMPOSITE BLUE 
V SYNC SYNC 


FIGURE 4. WIRES REQUIRED FOR RGBHV vs RGBS vs RGsB 
VIDEO 


Now let's see if we can further reduce the number of wires 
by doing something with the way we transmit video. RGB 
video signals can be color space transformed into a sepa- 
rate black and white (monochrome) picture plus two addi- 
tional pictures that describe the difference between the 
monochrome picture and the full color representation. The 
monochrome picture is called “luminance”, and is referred to 
as “Y”. The pair of color difference pictures are referred to as 
“U” and “V”. This YUV video signal can be color space trans- 
formed back into RGB, if needed. The advantage of the YUV 
signal is that it reduces the transmission and storage 
requirements in video transmission and distribution systems, 
as the total amount of video information is reduced. This is 
due to the fact that the human eye does not need as much 
color difference information as it does luminance informa- 
tion. Now the color difference information “U” and “V” can be 
combined into a single “chrominance” signal, referred to as 
“C”. We have now reduced the signal total to two wires. A 
new type of sync signal must be included so the video moni- 
tor can separate the two color difference signals again. This 
new sync information is called color burst, and is added to 
the chrominance, “C”, just after each horizontal sync pulse. 
The “Y” channel carries the composite sync information. 


S-VHS videotape is the most popular YC format. | 


Television Broadcast Systems 


Television Broadcast Systems must take the five original sig- 
nals (R, G, B, H, and V) and transmit them through a single 
transmitter. Here luminance “Y” and chrominance “C” are 
combined into a single video signal called composite video. 
Broadcast video systems are required to be compatible with 
monochrome and color receivers, and black and white 
receivers only need to process the Y portion of the signal. 
The broadcast standard in North and Central America, 
Korea, Taiwan and Japan is called NTSC and uses a 
3.58MHz color subcarrier. Europe, Australia and the Middle 
East use PAL while France and Russia use SECAM, both 
4.43MHz color subcarriers (Figures 5 and 6). Note that the 
application circuit for video sync stripping, shown in Figure 2, 
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is not useful for composite video applications, as some of the 
color information (blue) resides below the black level 
(Figures 7 and 8) and would be lost by the sync stripping 
function. 


COLOR SUBCARRIER 


AMPLITUDE 


f (MHz) 


FIGURE 5. NTSC SYSTEM BANDWIDTH 


COLOR SUBCARRIER 


AMPLITUDE 


f (MHz) 


4.43 
0 1.0 2.0 3.0 4.0 5.0 5.5 5.0 


FIGURE 6. PAL SYSTEM BANDWIDTH 


IRE LIMITS 
100 


ACTIVE LEVEL TIME 


<——- 
WHITE LEVEL 
80 
60 


40 
BLACK LEVEL 


BLANK LEVEL 


SYNC LEVEL 
<— 


RS-170 VIDEO 


FIGURE 7. MONOCHROME VIDEO STANDARD 


100 IRE CYAN GREEN 


BLANKING LEVEL 


SYNC LEVEL 
NTSC COMPOSITE VIDEO 
FIGURE 8. COMPOSITE VIDEO STANDARD 
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Video Amplifier with Sync Stripper and DC Restore (HFA1103) 


Authors: Jeff Lies and Chris Henningsen 


Introduction 


The circuit in Figure 1 transmits 20OMHz (-3dB bandwidth) 
video signals while stripping off the sync pulse and perform- 
ing DC restoration. It is configured for a typical video cable 
driver application driving a double-terminated 75Q load, 
where the HFA1103 (IC3) is configured for a gain of +2 to 
ensure unity gain throughout. 


Sync Stripping 


In component video systems it is frequently necessary to 
remove the sync pulse from an RGB signal. Sync is often 
combined with one or more of the red, green, and blue video 
signals in video distribution amplifiers, routers and switchers 
to decrease the number of input and output channels 
required in a switching network. In many applications, how- 
ever, as the video signals exit the switching network the sync 
pulse must be removed. 


The HFA1103 video op amp is specially designed to perform 
sync stripping. Its open emitter NPN output forms an emitter- 


follower with the load resistor, and passes the active video 


TO SYNC 
SEPARATOR 


S/H 
CONTROL 


signal while virtually eliminating the negative sync pulse (see 
Figure 2). Residual sync of the HFA1103, defined as the 
remainder of the original -300mV sync pulse, referenced to 
ground, is only 8mV at the cable output. A particular advan- 
tage of sync stripping with the HFA1103 is the resultant 
larger (by 0.7V) output voltage swing, compared to simply 
using a wideband video op amp with an external emitter-fol- 
lower. 


Because the HFA1103 contains no active pull-down, output 
linearity degrades as the signal approaches ground. To deal 
with this a 6.8kQ pull-up resistor (Rg) and a 75Q pull down 
resistor (Rj9) on the output ensure a fixed positive voltage 
offset, in this case +50mV. This offset was arbitrarily chosen 
as a good compromise between linearity near the DC level 
and minimum residual sync. Increasing Rg decreases resid- 
ual sync, at the expense of linearity. Conversely, decreasing 
Rg decreases linearity error, but increases residual sync. 


Other applications benefitting from sync removal are HDTV 
systems and video digitizing circuits. Consider a typical 
1Vp.p RGB video signal with a -300mV sync pulse and 
+700mV video data. By stripping off the unwanted sync 


IC1a + IC1b = CA5260 DUAL AMP 
IC2 = 74HC4053 SWITCH 
IC3 = HFA1103 VIDEO OP AMP 


FIGURE 1. HFA1103 BASED VIDEO AMPLIFIER WITH SYNC STRIPPING AND DC RESTORE 
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pulse and digitizing only the active video, designers can use 
the full dynamic range of the A/D converter for the +700mV 
video data. This results in a 30% increase in resolution using 
the same A/D converter. 


DC Restore 


Another common video function is DC restoration, used 
when AC coupled signals have lost their DC reference and 
must have it periodically reset in order to retain brightness 
information. 


This circuit accomplishes DC restoration using a CA5260 
dual op amp (IC1a, IC1b) coupled with a sample-and-hold 
circuit based on the 74HC4053 switch (IC2). Vij, consisting 
of the input video signal and a DC offset (Vpc), is routed to 
the non-inverting input of the HFA1103 (IC3). The HFA1103 
is configured in a gain of +2 (to compensate for the attenua- 
tion resulting from double terminating the cable), which 
would result in an output of 2 x Vin, = (2 x Video + 2 x Voc), if 
not for the DC restore circuit. 


Vin also travels through half of the dual CA5260 amplifier to 
the sample-and-hold circuit, where the 0.1y.F capacitor (C;) 


IRE:FLT 
100.0 
0.6 - 
0.4 7 50.0 
7) 
F 0.2 
g 
0.04 0.0 
0.2 
-50.0 
-40.0 -30.0 -20.0 _ 100 0.0 10.0 
vr 


FIGURE 2A. VIDEO AND SYNC GO IN 


is the hold capacitor. The sample-and-hold control is trig- 


gered by a back-porch pulse from a sync separator or by a | 


horizontal video blanking signal. The DC output signal (Vpc) 
from the sample-and-hold circuit is then amplified at a gain 
of +2 by the second op amp (IC1b); the gain is required 
because Vpc is input to the HFA1103s inverting input which 
provides only a gain of -1, but as discussed earlier, the out- 
put contains a term of 2 x Vpc. Thus 2 x Voc is summed into 
the HFA1103 inverting input, is subtracted from the output 
signal, and yields a DC restored video signal. 


Because the output impedance of !C1b is high, and would 
affect the gain at the non-inverting input of the HFA1103, a 
47uF capacitor (C5) is used to provide an AC ground and to 
maintain good high-frequency gain accuracy. 


A potentiometer (R3) is used prior to 1C 1b to null out any off- 
set voltage contributed by the DC restore circuitry. 
Conclusion 


The circuit's resultant output is a 200MHz, DC restored 
video signal in which the sync pulse has been stripped to a 
residual level of no more than 8mV. 


IRE:FLT 
100.0 


50.0 


| 


oo UL 


| 


jf 


-20.0 -10.0 0.0 10.0 


uS 
FIGURE 2B. ONLY VIDEO COMES OUT 


FIGURE 2. SIGNALS AT HFA1103 INPUT AND CABLE OUTPUT 
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Multiplier Improves the Dynamic Range of Echo Systems 
(HA-2556, HA-5177) 


Author: Ron Mancini 


Introduction 


In an echo system the returned signal amplitude is a function 
of the distance to the target, and it can be expressed mathe- 
matically as function of time. An echo system with a fixed 
gain preamp has poor dynamic range because close targets 
(short return times) have high signal amplitudes while distant 
targets (long return times) have much lower signal ampli- 
tudes. In fixed gain systems, the biggest signals establish 
the upper preamp gain limit based on not saturating the sys- 
tem, and this gain may not be high enough to process small 
returns properly. 


The solution is a preamplifier which has a gain proportional 
to time, such that the gain will be small for close targets and 
large for distant targets. The preamp still has to meet all the 
other normal preamp criteria such as bandwidth and noise 
performance, and the added time dependent gain function 
must not degrade the signal. The circuit shown in the figure 
implements the variable gain preamp with the Harris Semi- 
conductor HA-2556 multiplier. This IC establishes the signal 
bandwidth and noise figure because it is the only component 
in the signal path. The equation for the multiplier gain, as 
shown in the accompanying figure, is given below: 

ee 


The HA-5177 and its associated circuitry comprise a con- 
stant current source whose current is Vp;/Ro = | = 51pA. If 
S; is in the Liy position with Q,’s gate held high, the current 
source is shorted to ground by Q, and the multiplier gain is 
set to zero. When the received signal from the closest target 
can be present, Q,’s gate is brought low forcing it into a very 
high drain resistance state (almost an open circuit) allowing 
the HA-5177 current to charge C, in a linear manner. The 
voltage across C, ramps up from OV to 5V in 1ms which is 
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the time it takes sound to travel approximately one foot 
through air. During the first portion of the ramp, when the 
returned signal is very large, the multiplier gain is small 
because Vy is small. As time increases Vy also increases 
providing more gain through the multiplier as the expected 
echo decreases in amplitude. Thus, the output voltage swing 
of the multiplier tends to stay constant for large changes in 
input signal, and the dynamic range is improved to the 
amount of the ramp change, which is more than 60dB with 
the values shown in Figure 1. 


Often the returned signal is a nonlinear function and it may 
be desirable to linearize it. An inverse nonlinear ramp can be 
employed to linearize the overall function. R3, R4 and C, 
generate a logarithmic ramp when S, is in the Log position 
thus yielding a logarithmic gain function adequate for 
linearizing some transducers. Many other time-gain transfer 
functions can be generated by employing different types of 
ramps. 


It is important to eliminate the multiplier offsets with the 
adjustments [1] provided because offsets will appear in the 
output signal, reduce the dynamic range and contribute 
errors. As the circuit is configured it will sweep from a gain of 
0.01, as the ramp begins, to 10 as the ramp ends. Returned 
signal amplitude is usually small but should not exceed 
100mVp.p unless distortion can be tolerated. The circuit 
bandwidth can be as high as 57MHz in low gain applications, 
and is 5MHz as configured. 


References 


[1] Wideband Four Quadrant Voltage Output Analog Multiplier 
Data Sheet HA-2556, File Number 2477, Harris Semicon- 
ductor, Melbourne, Florida 
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FIGURE 1. MULTIPLIER IMPROVES DUAL RANGE OF ECHO SYSTEMS 
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Adjustable Bandpass or Bandreject Filter (HA-2841) 


Author: Ron Mancini 


Introduction 


The filter described here has an easily adjustable center fre- 
quency, symmetrical skirts and an attenuation (gain) of 
-40(+40)dB at an octave either side of the center frequency 
(fo). The filter Q (Q = f¢/BW3dB = 250) does not vary signifi- 
cantly when the center frequency is changed, thus, the 
shape of the skirts is essentially independent of the pot set- 
ting. This feature yields filters that can be adjusted over a 
much wider frequency range than “T” type filters, the only 
other type of filter with such a deep notch or narrow band- 
pass. Now one filter type is useful in many designs. The cal- 
culation of the center frequency for the circuits shown in 
Figure 1 and Figure 2 is given in Equation 1 and Equation 2. 
1 
c= 550 3R,R, eet 


Where R, = Ria + aRp 


R3 = 6(R, +Rp) (EQ. 2) 
A basic theorem of feedback circuits is that a function gener- 
ator included in a negative feedback loop computes the 
inverse function at the output. This approach has been used 
to change an excellent bandreject filter into an excellent 
bandpass filter. The schematic of the bandreject filter, which 


FIGURE 1. ADJUSTABLE BANDREJECT FILTER 


PSPICE™ is a registered trademark of MicroSim Corp. 
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is passive and comprised of C, Ry, Ro and Rg is shown in 
Figure 1. The bandpass filter, which includes the passive 
network in the feedback loop, is shown in Figure 2. The 
bandpass filter has the advantage of high input impedance 
and low output impedance because of the location of the op 
amp. With the values shown the center frequency is adjust- 
able from 55kHz to 550kHz producing a decade of frequency 
adjustment. The Harris Semiconductor HA-2841 op amp is 
chosen as the amplifier because it has good DC characteris- 
tics and has the high gain bandwidth required to achieve the 
bandpass gain without distorting the filter response. R, 
should be split into R;, and Rp to prevent R, from becom- 
ing zero, and the split may be selected to obtain maximum 
resolution over the desired center frequency range. 


A PSPICE™ plot of the circuit using the SPICE Model for the 
HA-2841 is shown in Figure 3. The plots are the logarithmic 
transfer function of both the filters (in dB). Notice that the 
bandreject filter transfer function, represented by the dia- 
monds, is the mirror image of the bandpass transfer function, 
represented by the squares. These transfer functions 
change very little when they are adjusted to 550kHz center 
frequency. Bench test results show some deviation from the 
PSPICE™ simulations because of component tolerances 
and layout capacitances, but generally they correlate well 
with the simulations. The transfer functions change radically 
and tend to degenerate at high frequencies if low gain band- 
width op amps are used. 


HA-2841 | o, 7 


FIGURE 2. ADJUSTABLE BANDPASS FILTER 
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20LOG(Vour/ Vin) 
(BANDPASS FILTER) 


MAGNITUDE (dB) 


20LOG(Vour/ Vin) 
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FIGURE 3. PSPICE PLOT OF FILTERS TRANSFER FUNCTION 
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Evaluation Programs for SPICE Op Amp Models 


Authors: Ron Mancini and Jeff Lies 


Introduction 


There is no consistent method for evaluating SPICE models 
in the industry, so it is hard to reproduce a specific manufac- 
turer's results or to compare models between manufacturers. 
Furthermore, many of the SPICE models available from ven- 
dors do not correlate the vendor’s data sheet for the corre- 
sponding op amp; hence, there is confusion about the 
validity of the model, the evaluation program, and/or the data 
sheet. This paper includes a collection of SPICE programs 
that have been used to evaluate some of the latest Harris 
Semiconductor current feedback op amps. The programs 
illustrated here will be used to evaluate new Harris op amp 
designs, both current and voltage feedback, so they will 
serve as a standard until modified by common agreement. 
These programs have several advantages: they are written, 
they have been debugged, macros exist to eliminate the plot- 
ting effort, they cover the pertinent parameters, and they 
contain equations to normalize the output for “Bode” type 
plots. 


Six programs which cover 13 parameters including: inverting 
gain, non-inverting gain, positive power supply current, neg- 
ative power supply current, positive input bias current, nega- 
tive input bias current,offset current, positive offset voltage, 
negative offset voltage, differential offset voltage, non-invert- 
ing common-mode voltage, transient response, and enable/ 
disable response are used to evaluate the op amp. These 
thirteen parameters are displayed in eight plots which have 
seventeen curves. 


Printed copies of these programs are given here, and 
electronic copies are available on the “Harris Semiconductor- 
Analog SPICE Macromodels” disk dated January 1996 or 
later. 


AC Transfer Function For An Inverting 
Op Amp 


The first program (see Figures 1, 2, and 3) is named 
cfaig.cir, and it simulates the AC transfer function for an 
inverting op amp. This program uses three op amps so it 
computes the transfer function for three different gains in one 
pass. The program requires the user to supply the feedback 
resistance values for each gain, the gain settings, the load 
resistance, the load capacitance, and the power supply volt- 
age in volts. The program assumes that the op amp is run off 
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two power supplies of equal and opposite polarity each of 
which is referenced to ground, so it applies the entered volt- 
age to the op amp as a positive and negative supply with 
equal magnitudes. If a single supply op amp is to be evalu- 
ated with these programs just enter half the power supply 
voltage, and the analysis will be equivalent. 


Unless the output is normalized the vertical scale will have to 
be large enough to accommodate the difference in gains, so 
small effects such as peaking may be hard to discern or 
measure. The program configures the load resistor as a volt- 
age divider, and the output is taken at the voltage divider 
output. If the op amp gain is 10 the load resistor gain will be 
0.1. If a load resistor is not required by the data sheet enter a 
large value such as 1000GQ); the large resistor will not affect 
the circuit operation while the normalization feature is 
retained. Now the three curves will plot on top of each other 
similar to the GBW curves shown in most data books. 


41. Rey 


Rei 


Ratt 
OUT1 


iia Rei 


FIGURE 1. SCHEMATIC OF INVERTING OP AMP 
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*This program simulates the AC transfer function for an inverting op amp. 
*It has three op amps; each with a gain that is specified by the 
«user with a .param statement. The user must specify the load R, , C,, the 
*feedback resistors Rey, Reo, Reg and the corresponding gains Gj, Go, G3. 
*The power supply voltage is set by the parameter “vsupply”. The load resistors 
*are automatically split into voltage dividers to normalize the gain plot, 
*and the gains can be plotted in dB by calling the macros Gj, Go, and G3. 
*The inputs are tied together, and the outputs are called OUT1, OUT2, and 
*OUT3 corresponding to the respective gains. The op amp model is entered with 
«a .lib statement. The model in the subcircuit call (x statement) must correspond to the model 
«called in the .lib statement (3 times). 
.param C, =10pf 
.param R, =400 
param Re;=750 
.param Rreo=750 
.param Re3=750 
.param G,=1 
param Go=2 
param G3=3 
.param vsupply=5 
lib b:ha502x.cir 
x10 1134123 ha502x 
x2 0 21 3 4 22 3 ha502x 
x3 0 31 3 4 32 3 ha502x 
Vin in O ac 1 
Rey 11 12 {Rey} 
Rea 21 22 {Reo} 
Rr31 31 32 {Reg} 
Rei in 11 {Rey/abs(G;) } 
Rgay in 21 {Rr2/abs(Go) } 
Rgai in 31 {(Re3/abs(Gs) } 
Raz, 12 OUT1 {R,* (abs(G,)-.99999) /abs(G,) } 
Rao, 22 OUT2 {R,* (abs(Go)-.99999) /abs(Go) } 
Ra31 32 OUTS {R,* (abs(G3)-.99999) /abs(G3) } 
Rei 0 OUT1 {R, /abs(G;) } 
Reo; 0 OUT2 {R, /abs(Go) } 
Rp31 0 OUTS {R,/abs(G3) } 
C44 0 12 {C,} 
C21 0 22 {C,} 
C31 0 32 {C,} 
Voc 3 0 {vsupply} 
Veg 4 0 {-1*vsupply} 
.ac dec 50 1meg 3000meg 
.probe 
.end 
FIGURE 2. INVERTING OP AMP AC TRANSFER FUNCTION PROGRAM 
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NORMALIZED GAIN IN dB 


1 3 10 30 100 300 
FREQUENCY (MHz) 


FIGURE 3. INVERTING OP AMP AC TRANSFER FUNCTION PLOT 


AC Transfer Function for a Non-Iinverting 
Op Amp 


The second program (see Figures 4, 5, and 6) is named 
cfanig.cir, and it simulates the AC transfer function for a non- 
inverting op amp. This program uses three op amps so it can 
compute the transfer function for three different gains in one 
pass. The program requires the user to supply the feedback 
resistance values for each gain, the gain settings, the load 
resistance, the load capacitance, and the power supply volt- 
age in volts. The program assumes that the op amp is run off 
two power supplies of equal and opposite polarity each of 
which is referenced to ground, so it applies the entered volt- 
age to the op amp as a positive and negative supply with 
equal magnitudes. If a single supply op amp needs to be 
evaluated just enter half the power supply voltage, and the 
analysis will be equivalent. 


Unless the output is normalized the vertical scale will have to 
be large enough to accommodate the difference in gains, so 
small effects such as peaking may be hard to discern or 
measure. The program configures the load resistor as a volt- 
age divider, and the output is taken at the voltage divider 
output. If the op amp gain is 10, the load resistor gain will be 
0.1. If a load resistor is not required by the data sheet enter a 
large value such as 1000GQ,; the large resistor will not affect 
the circuit operation while the normalization feature is 
retained. Now the three curves will plot on top of each other 
similar to the GBW curves shown in most data books. 


Rest 


F31 a 
1” 


FIGURE 4. NON-INVERTING OP AMP SCHEMATIC 


NORMALIZED GAIN IN dB 


FREQUENCY (MHz) 
FIGURE 5. NON-INVERTING OP AMP AC TRANSFER 
FUNCTION PLOT 
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*This program simulates the transfer function for a non-inverting op amp. 
*It has three op amps; each with a gain that is specified by the user 
«with a .param statement. The user must specify the load R,, C,, the 
*feedback resistors Re, Reo, Rez and the corresponding gains Gj, Go, G3. 
*The power supply voltage is set by the parameter “vsupply”. The load resistors 
*are automatically split into voltage dividers to normalize the gain plot, 
*and they can be plotted in dB by calling the macros Gy, Go and G3. 
*The inputs are tied together, and the outputs are called OUT1, OUT2, and 
*OUTS3 corresponding to the respective gains. The op amp model is entered with 
«a .lib statement. The model in the subcircuit call (x statement) must correspond to the model 
«called in the .lib statement (3 times). 
.param C, =10pf 
.param R, =400 
.param Re;=1000 
param Rro=681 
param Rre3=383 
.param Gy=1 
param Go=2 
.param G3=10 
.param vsupply=5 
lib b:ha502x.cir 
x1 in 113412 3 ha502x 
x2 in 21 3 4 22 3 ha502x 
x3 in 31 3 4 32 3 has02x 
vin in 0 ac 1 
Rey 11 12 {Rey} 
Rrai 21 22 {Reo} 
Regi 31 32 {Reg} 
Rei1 0 11 {Rey/(Gy-.99999) } 
Reo; 0 21 {Reo/(Go-.99999) } 
Rei 0 31 (Res/(G3-.99999) } 
Rai, 12 OUT1 {R,*(G;-.99999)/G,} 
Rao; 22 OUT2 {R, *(Go-.99999)/G>} 
Ra31i 32 OUTS {R,.*(G3-.99999)/G3} 
Rpi1 0 OUT1 {R,-(R,.*(G4-.99999)/G,) } 
Reo; 0 OUT2 {R, -(R, *(Go-.99999)/G>) } 
Re31 0 OUTS {R, -(R,.*(G3-.99999)/G3) } 
C41 0 12 {C,} 
Ci 21 0 22 {C,} 
C,31 0 32 {C,} 
Voc 3 0 {vsupply} 
Ver 4 0 {-1*vsupply} 
.ac dec 50 1meg 3000meg 
.probe 
.end 
FIGURE 6. NON-INVERTING OP AMP AC TRANSFER FUNCTION PROGRAM 
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DC Parameters For a Non-Inverting 
Op Amp 


The third program (see Figures 7 through 11) is named 
Cfadc.cir, and it simulates the salient DC parameters for a 
non-inverting op amp. The program requires the user to sup- 
ply the feedback resistance values, the load resistance, and 
the power supply voltage in volts. The program assumes that 
the op amp is run off two power supplies of equal and oppo- 
site polarity each of which is referenced to ground, so it 
applies the entered voltage to the op amp as a positive and 
negative supply with equal magnitudes. If a single supply op 
amp needs to be evaluated just enter half the power supply 
voltage, and the analysis will be equivalent. 


OUT 


FIGURE 7. NON-INVERTING OP AMP SCHEMATIC (DC) 
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FIGURE 9. NON-INVERTING OP AMP INPUT OFFSET 
VOLTAGE PLOT 


The input signal to the op amp is a DC sweep. The sweep 
input enables a data analysis at Vj, = OV which is often a 
data book point, and the parameters can be evaluated at 
various other points of interest. The input currents can be 
examined by plotting the currents through the feedback 
resistor, Re, and the input resistor, R;. The difference 
between these currents is the input offset current. When the 
voltage is swept through zero the offset voltage for zero input 
voltage can be calculated. Either input offset voltage can be 
plotted by selecting the correct node voltage, or the differen- 
tial input voltage can be plotted be selecting V(11)-V(13). 
The supply currents are plotted by selecting I(Ve¢) or I(Vec) 
for the negative and positive power supplies respectively. 


INPUT CURRENT (A) 


VIN fai 


FIGURE 10. NON-INVERTING OP AMP POWER SUPPLY 
CURRENT PLOT 
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*This program simulates the salient DC parameters for a non-inverting op amp. 
*The user must specify the feedback and load resistance with a ._param 


*statement. The power supply voltage is set by the parameter “vsupply”. Input 
«currents are measured as Ip), the non-inverting input current, lpr, the 

inverting input current, and (Ip¢-lp)) the offset current. The offset 

«voltage is calculated with the equation Vos=v(13)-v(11). The power supply 
«currents can be determined by looking at the parameter Ic¢ and leg. The 

«model is entered with a .lib statement. The model in the subcircuit call (x statement) 


*must correspond to the model called in the .lib statement. 
.param Re = 1000 

.param R,; = 400 

.param vsupply = 5 

ib b:na502x.cir 

x1 13 113 4 out 3 ha502x 
Vin in O 

Re; 11 out {Re} 

R, in 13 {Re} 

R, 1 0 out {R;} 

Vec 3 0 {vsupply} 

Veg 4 0 {-1*vsupply} 

dc Vin -.1 .1 .001 

.probe 

.end 


FIGURE 11. NON-INVERTING OP AMP DC TRANSFER FUNCTION PROGRAM 


CMRR For A Non-Inverting Op Amp 


The fourth program (see Figures 12, 13, and 14) is called 
cfacmrr.cir, and it simulates the common mode rejection ratio 
for a non-inverting op amp. The program uses two identical 
non-inverting op amps to implement the equation CMRR = 
change in input offset voltage divided by the common mode 
input voltage change. The CMRR equation is shown in 
circuit parameters in Figure 12. Referring to Figure 13, it is 
seen that the common mode difference voltage is 2V. The 
input is a Square wave so the measurement should be made 


Rey =1K 


in an area which has settled out. Notice that the worse 
common-mode input voltage is negative so that value of 
-1.3mV was used in the calculation. Using a square wave 
rather than a DC signal enables the inspection of both 
quadrants prior to calculating the CMRR. The program 
requires the user to supply the feedback resistance value, 
the load resistance, and the power supply voltage in volts. 


Reo = 1K 


_ np(V(IN1)-V(11)) -(VUIN2)-V(21)) _ 4, 4% 10 
Suh = 26 (V(IN2) — V(IN1)) 7 ie 


FIGURE 12. SCHEMATIC AND EQUATION FOR COMMON-MODE REJECTION CIRCUIT 
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*This program simulates the common-mode rejection ratio for a non-inverting op 
*amp. The equation recommended for the calculation is 
*CMRR=dB((V(IN1)-V(11)) -(V(IN2)-V(21)))/(V(IN2)-(VIN1)) and this program uses 
*two identical op amps to obtain the calculation data. The user 

*must specify the feedback resistance, Rr, and the load resistance, R,. 

*The power supply voltage is set by the parameter “vsupply”. The op amp model 
is entered with a .lib statement. The model in the subcircuit call (x statement) must 
«correspond to the model in the .lib statement (2 times). 

.param Re=1K 

.param R, =400 

.param vsupply=5 

lib b:ha502x.cir 

x1 IN1 1134 OUT1 3 ha502x 

x2 IN2 21 3 4 OUT2 3 ha502x 

Vini IN1 0 pulse (0 1m .1ns .1ns .1ns 100ns 200ns) 

Vina IN2 0 pulse (0 2.001 .1ns .1ns.1ns 100ns 200ns) 

Re; 11 OUT1 {Re} 

Reo 21 OUT2 {Rr} 

R)}; OUT1 0 {R,} 

Ri OUT2 0 {R,} 

Voc 3 0 {vsupply} 

Veg 4 0 {-1*vsupply 

.tran 20ns 420ns 

.probe 

.end 


FIGURE 13. COMMON-MODE REJECTION PROGRAM 


OUTPUT VOLTAGE (mV) 


50 100 150 200 
TIME (ns) 


FIGURE 14. PLOT OF COMMON-MODE REJECTION PROGRAM OUTPUT 


10-139 


- 
” 
ae | 
i ol 
pe WW 
oO & 
20 
o= 
oO. W 
<O 
Qo. 
” 


Application Note 9523 


Transient Response For A Non-Inverting 
Op Amp 


The fifth program (see Figures 15, 16, and 17) is called 
cfatran.cir, and it simulates the transient response for a non- 
inverting op amp. If the input signal is small, about 100mv as 
shown in Figure 16, the analysis will be small signal. Larger 
input signals will yield a large signal analysis. The program 
requires the user to supply the feedback resistance, the load 


OUT 


FIGURE 15. TRANSIENT RESPONSE CIRCUIT SCHEMATIC 


resistance, the input resistance, and the power supply volt- 
age in volts. The program assumes that the op amp is run off 
two power supplies of equal and opposite polarity each of 


which is referenced to ground, so it applies the entered volt- | 


age to the op amp as a positive and negative supply with 
equal magnitudes. If a single supply op amp needs to be 
evaluated just enter half the power supply voltage, and the 
analysis will be equivalent. The rise time, fall time, slew rate, 
and delay time can be read off the plot shown in Figure 16. 


120 
80 


40 


100 


150 
TIME (ns) 


FIGURE 16. TRANSIENT RESPONSE PROGRAM OUTPUT PLOT 


*This program simulates the time domain response for a non-inverting op amp. 
*The response will be small signal or large signal depending on the amplitude 
*of the input signal. The user must specify the load resistance, R,, the 
*feedback resistance, Rr, and the input resistance, R;. The power supply 
*voltage is set by the parameter “vsupply”. The op amp model is entered with 
*a .lib statement. The model in the x statement must correspond to the 


*model called in the .lib statement. 
.param R, = 50 

.param Re = 1K 

.param R, = 100 

.param vsupply=5 

lib b:ha502x.cir 

x1 in 11 3 4 out 3 ha502x 

Vinq in O PULSE (-.1 .1.1ns .ins .ins 100ns 200ns) 
Rr; 11 out {Re} 

R, ; out 0 {R,} 

Rj; 0 in {Ri} 

Voc 3 0 {vsupply} 

Veg 4 0 [-1*vsupply} 

.tran 20ns 420ns 

.probe 

.end 


FIGURE 17. TRANSIENT RESPONSE PROGRAM 
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Enable Response For A Non-Inverting Op Amp 


The Sixth program (see Figures 18, 19, and 20) is called 
cfaenabl.cir, and it computes the response of a non-inverting op 
amp to an enable control signal. A 2Vp¢ excitation is applied to 
the positive op amp input, and a square wave is applied to the 
enable input. The enable signal swings from ground to the pos- 
itive power supply rail, thus simulating an open collector driver. 
This signal can be modified as required, but it must be discon- 
nected from the supply voltage by removing the {vsupply} term 


FIGURE 18. ENABLE RESPONSE CIRCUIT SCHEMATIC 


prior to modification. The program requires the user to supply 
the feedback resistance, the load resistance, the input resis- 
tance, and the power supply voltage in volts. The program 
assumes that the op amp is run off two power supplies of equal 
and opposite polarity each of which is referenced to ground, so 
it applies the entered voltage to the op amp as a positive and 
negative supply with equal magnitudes. If a single supply op 
amp needs to be evaluated just enter half the power supply 
voltage, and the analysis will be equivalent. The enable 
response times can be read off of Figure 19. 


15 20 25 30 35 40 45 
TIME (us) 


FIGURE 19. ENABLE RESPONSE PROGRAM OUTPUT PLOT 


*This program simulates the time response of the enable/disable function of 

*the non-inverting op amp. The response is obtained with a 2Vpc¢ 

*input signal, while the voltage on the enable pin swings from Vcc to ground. 

*The user must specify the load resistance, R,, the feedback resistance, Rr, 

*and the input resistance, R;. The power supply voltage is set by a parameter 

*“vsupply”. The op amp model is entered with a .lib statement. The model in the subcircuit call 
*(x statement) must correspond to the model called in the .lib statement. If 

*the rise and fall times of the enable signal are too fast the program may 


*not converge (10ns is optimal). 
.param R; = 50 

.param Re = 1K 

.param R, = 100 

.Param vsupply=5 

lib b:ha502x.cir 

x1 in 11 3 4 out ena ha502x 
Vin ind2 


vena ena 0 PULSE ({vsupply} 0 Ons 10ns 10ns 2000ns 4000ns) 


Rey 11 out {Re} 

Ri4 out 0 {R,} 

Rj 0 in {Ry} 

Voc 3 0 {vsupply} 
Veg 4 0 {-1*vsupply} 
.tran 20ns 4020ns 
.probe 

.end 


FIGURE 20. ENABLE RESPONSE PROGRAM 
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Summary 


Six programs which compute and plot the response of an op 
amp are described here. These programs make it easy to 
complete the SPICE analysis, and by using them the results 
may be compared to new Harris Semiconductor data sheets. 
This approach gives the minimum data required to evaluate 
the model, but the actual evaluation must be made by the 
design engineer. If the model indicates 2dB peaking at the 
-3dB point while the data sheet shows 3dB peaking at the 
same point, which does the engineer believe? Since the 
model is an approximation, the data sheet should be more 
correct than the model, but because the data sheet is based 
on “typicals” their curves are sometimes hard to reproduce. 
This vague area must be resolved through the experience of 
the design engineer coupled with laboratory data. There is 
no substitute for accurate measurements! When the data 
sheet curves, the model curves and the lab curves all fit 
within a reasonable tolerance the design engineer can begin 
to trust the models. Keep testing though, because models 
have been known to be very unpredictable. 


Any comments, deletions or additions should be directed to 
one of the authors for inclusion in revisions on this document. 
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HFA1212 Dual Video Buffer Forms Differential Line Driver/Receiver 


Author: Mark Amarandos 


The HFA1212 Dual Video Buffer can be used to implement 
differential line drivers and receivers with a minimum of 
external components (see Figure 2). Common mode rejec- 
tion is set by the internal matched thin film resistors which 
are pin strapped to set the various closed loop gains that are 
required. 


Vin is terminated into 75Q and drives both amplifiers in U1. 
U1A has a gain of -1 while U1B has a gain of +1. These 
amplifiers create a differential signal with a gain of 2. Series 
75Q resistors provide impedance matching to the transmis- 
sion line. 


The 150Q termination resistor on the receive side of the 
transmission line provides proper impedance matching and 
attenuation for a gain of one at the receive input. U2 per- 
forms differential to single ended conversion and provides 
common mode rejection. 


U2A is configured in a gain of +2. U2B subtracts out com- 
mon mode signals and applies a gain of +2 to differential sig- 
nals. When Voyr is terminated into 75Q, the overall gain 


from Vix to Voyrt is unity. Because of the gain of +2 in U2A, 
the peak voltage at the receiver may not exceed 1.5V. 


HFA1212 


The oscilloscope photograph illustrates the common mode 
rejection of the receiver. Vij is a 10MHz, 1.5Vp_p sine wave. 
The ground reference of U1 is driven by a 1MHz, 1.5Vp.p com- 
mon mode signal. The combined signal, seen on the top trace 
is measured at Ry-. Voyt, on the bottom trace, is a faithful 
reproduction of Vij with the common mode signal removed. 


Vin = 10MHz, 1.5Vp.p 
Vom = 1MHz, 1.5Vp.p ON GROUND OF U1 WITH RESPECT TO U2 


FIGURE 1. COMMON MODE REJECTION 


HFA1212 


FIGURE 2. DIFFERENTIAL VIDEO LINE DRIVER/RECEIVER 


Copyright © Harris Corporation 1995 
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No. AN9528.1 Harris Linear 


900MHz Down Converter Consumes Little Power (HFA3101) 


Authors: Ronald Mancini and Raphael Matarazzo 


November 1996 


Most 900MHz down converter designs are proprietary and, 
thus, are unavailable to the industry. The designs that are 
available are usually discrete or require high voltage, which 
excludes them from the portable market. The down converter 
in Figure 1 is nonproprietary and suits battery powered appli- 
cations. Moreover, you can use the IC manufacturer's PC 
board artwork to get a head start. 


The heart of the down converter is a Gilbert cell, which con- 
sists of two long-tailed, differential-amplifier stages con- 
nected as two variable transconductance amplifiers. 
Because the cell is constructed from the HFA3101 transistor 
array, the differential amplifier stages are inherently 
matched. The inherent matching also reduces distortion 
resulting from thermal effects and mismatches in transistor 
beta and ohmic resistances. With the HFA3101 configured 
as shown, each pair of bases acts as a multiplier input. Thus, 
if you connect a local oscillator and an RF signal to the two 
inputs, the circuit generates the sum and difference fre- 
quency for the down conversion. 


R;, Ro, and Rg form a voltage bias network to bias the long- 
tailed pairs; the circuit holds the bases of the current source, 
Qs, and Qe, at 1V and the bases of the inputs, Q; and Q,, at 
2.5V. Setting Re at 27Q yields emitter currents of approxi- 
mately 5.5mA, which is adequate to achieve the required 
bandwidth. This value of Re is high enough so the quantity 
BR_ does not load the RF signal source. Rp; and Rapp termi- 
nate the transistor bases with 50Q through the 0.01pyF 
decoupling capacitors, so the capacitors should be of high 
quality. 


All the components should be leadless, with self-resonant 
frequencies exceeding 1GHz. The output matching circuit 
comprising Lc, Cc, and Rc maximizes the gain. The selec- 
tion of these components maximizes gain while allowing a 
50Q termination; the tuned, medium-Q matching network 
yields a 50Q to 2kQ transformation. 


Copyright © Harris Corporation 1996 


With the component values and frequencies in Figure 1, the 
circuit down converts 9O00MHz to 75MHz by using an 
825MHz local oscillator signal, and it does so with 50Q ter- 
minations. The circuit functions with supplies lower than 3V 
and draws comparatively low current for a down converter of 
this frequency. Thus, it’s well suited for battery powered sys- 
tems. You can obtain the PC board artwork from the 
HFA3101 data sheet; you need no permission from Harris 
Semiconductor to use the pattern. 


LOCAL OSCILLATOR 
INPUT (825MHz) 


Lele 
= 


FIGURE 1. 3V DOWN CONVERTER APPLICATION 
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PSPICE Performs Op Amp Open Loop Stability Analysis (HA5112) 


Authors: Ron Mancini and Doug Youngblood 


The open loop stability plot of an op amp circuit, which is com- 
monly called a Bode [1] plot, is often difficult to observe in the 
lab because most op amps saturate when the loop is opened. 
Since most op amps have a very high open loop gain, one must 
work with very small signals when attempting to measure the 
open loop transfer function, so even if an answer is obtained it 
usually contains a large error. When PSPICE is employed for 
the open loop analysis an identical saturation problem occurs 
because the PSPICE model is built to emulate all of the op amp 
characteristics. The PSPICE saturation will manifest itself in 
either of two ways: the program will not be able to calculate a 
DC bias point or the results of any calculations will be in error. 


A method of obtaining an accurate open loop PSPICE plot of 
an op amp is to fool the circuit as shown in Figure 1A. The 
capacitor, CINV, is added from the inverting node to ground 
where it acts like an AC short for the feedback signal. There is 
still DC feedback, so the program will converge to a DC bias 
point. The plot will show the op amp open loop gain character- 
istics if the AC output of PSPICE is configured to be a dB plot 
of the ratio of the output to input voltage. Although the phase 
characteristic can be plotted by PSPICE, it is simpler to 
approximate it from the gain plot by noting where the slope 
changes (the -3dB breakpoints), and assuming a 45 degree 
phase shift resulted from the slope change. Several open loop 
plots are shown in Figure 2. The curve marked with inverted 
triangles is for the op amp circuit with no feedback resistance 
(RFT1 and CINV omitted), and it has no relation to the open 
loop op amp curve shown in the HA-5112 Data Sheet [2] 
because PSPICE did not calculate the correct bias point. This 
illustrates the problems that occur when the circuit DC feed- 
back path is broken in an attempt to plot the open loop trans- 
fer function. The curve marked with the non-inverted triangles 
is for the op amp with RFT1 included and CINV connected 
from the inverting node to ground. Notice that the resulting 
curve closely approximates the open loop curve shown in the 
HA-5112 Data Sheet. Also, note that the slope changes to 
-40dB/decade (called a -2 slope) before the curve passes 
through OdB, so the op amp will probably oscillate if it is 
connected in a gain of one configuration. 


Because Cjyy grounds the inverting node for AC, Rr; 
appears as a small load to the op amp and has negliable 
effect on the AC performance. The output of the op amp 
shown in Figure 1A is the op amp open loop transfer 
function, so when Re, and Reg, are added as shown in 
Figure 1B, the circuit calculates the open loop stability 
equation AB = A(Rg1)/(Rei+Ra}).- 


Copyright © Harris Corporation 1996 


FIGURE 1A. CIRCUIT FOR DETERMINING THE OP AMP OPEN 
LOOP TRANSFER FUNCTION 


+15V 


FIGURE 1B. STABILITY ANALYSIS MODEL DESCRIBED IN THE 
PSPICE LISTING 


The curve marked with the diamonds is for Re; = 10K and 
Rg = 1K. The closed loop non-inverting gain would be 11, 
thus it should be stable according to the data sheet. Notice 
that the slope is -1 when it passes through OdB so the closed 
loop circuit will be stable. The curve marked with the squares 
is for a closed loop non-inverting gain of 5 with a feedback 
capacitor, Cr, added in parallel with RF1. Without Cr the cir- 
cuit is marginally stable at best because the op amp open 
loop transfer function (see Figure 2) has a gain of about 9dB 
when the slope changes from -1 to -2, and the attenuation per 
the stability equation is -13.9dB. Ce was added to the circuit to 
introduce a zero into the open loop transfer function, and the 
zero cancels out the pole at the second breakpoint causing 
the curve to pass through OdB with a -1 slope. Thus, Cr stabi- 
lizes the circuit for a closed loop gain of 5. 


This analysis does not account for manufacturing tolerances 
which can be as large as 2 to 1. There are two factors to keep in 
mind when considering manufacturing tolerances, and they are 
the OdB frequency intercept tolerance and the open loop gain 
intercept tolerance. 
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The gain intercept has a tolerance of +6dB, or a factor of 
two. The gain of the op amp is proportional to gmRy where 
gm is the input transconductance and Ry, is the effective 
impedance seen by gm. The first pole frequency is propor- 
tional to 1/RyC, so the gain bandwidth is constant with 
respect to variations in Ry. This means that if the gain inter- 
cept has increased by 6dB the first pole frequency has 
moved in by an octave, or conversely, if the gain intercept 
has decreased by 6dB the first pole has moved out by an 
octave. The constant gain bandwidth criteria tends to keep 
the OdB intercept constant for a given gain intercept change, 
but there is enough movement to bear watching. 


The value of the op amp’s internal compensation capacitor 
might have a +15% tolerance, and the value of this capacitor 
determines the OdB frequency intercept. When this tolerance 
is added to the gmRy error the tolerance may be as much as 
+30%. The curve for the op amp open loop gain has a 
27MHz OdB frequency intercept, so a prudent design must 
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be able to function with any OdB frequency intercept from 
19MHz to 35MHz. 


Op amp stability can be modeled quite well with SPICE, and | 


it often obtains excellent stability results, but it is not prudent 
to neglect the testing. If the closed loop circuit is driven by a 
step function, the peak of the overshoot [3] is an excellent 
indicator of the phase margin or stability. 
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OP AMP WITH NON-INVERTING 
GAIN OF 5 AND Cr = 0.0025NF 


10Hz 100Hz 1.0kHz 10kHz 100kHz 1.0MHz 10MHz  100MHz 
FREQUENCY 
© dB(V(OUT1)/V(31)) © dB(Vv(OUT)/V(31)) A 4B(V(61)/V(31)) W dB(V(6)/V(3)) 


FIGURE 2. TRANSFER FUNCTIONS OF THE OP AMP 


*ha-5112 open loop parameter circuit 


lib atHA-5112.cir 


x2 31 21 71 41 61 ha-5112 


vin1 0 31 ac 1 
rgtt O 21 20k 
rft1 21 61 20k 
rf1 61 out 10k 
rg1 O out 1k 


cinv 0 21 1000Gf 


vec1 71 0 15 
veel 41 0 -15 


.ac dec 100 10 50meg 


.probe 
.end 


FIGURE 3. PSPICE LISTING 
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Comparison of Current Feedback Op Amp SPICE Models (HA5013) 


Author: Ron Mancini 


Introduction 


Op amp SPICE models are widely used to simulate circuit 
performance, but there is always the question of how well 
does the SPICE simulation fit the real world. Bottom line this 
boils down to another question, “can you bet your design 
career on it’? The answer is an emphatic no! SPICE is an 
important tool, and it should be used wherever appropriate, 
but don’t begin to trust it unless you have tested it’s answers. 
First, SPICE is a computer program, thus it is subject to all the 
vagaries of a machine/software package. Second, the SPICE 
model is an approximation, and you can’t trust approximations 
until you understand them and their limitations. Before a 
SPICE model can be trusted it must be tested in a known cir- 
cuit, and it must yield results comparable to the op amp data 
sheet. This paper tests four SPICE models from four different 
major current feedback amplifier manufacturers, and presents 
the results for your perusal. If you are not going to use one of 
the tested op amps the actual test results will not be as impor- 
tant as the test procedure, programs, and philosophy. 


Model Test Procedure 


The model testing was completed using a standard set of 
PSPICE programs which are contained in Harris Semicon- 
ductor Application Note AN9523 titled “Evaluation Programs 
For SPICE Op Amp Models”, AnswerFAX Doc. # 99523. The 
inverting gain, non-inverting gain, and transient response 
programs were selected for the model testing because they 
yield data adequate for a model/data sheet comparison. The 
application note contains six programs which cover most op 
amp parameters. Almost any program can be used for the 
evaluation, but it must use the op amp in the same configu- 
ration as the data sheet. 


The program must enable the selection of the pertinent com- 
ponent values, such as the feedback resistor, so that the 
evaluation can be done at the data sheet conditions. This is 
required for the comparison to be valid because the op amp 
must be evaluated at the exact data sheet operating condi- 
tions so the SPICE generated data and curves can match 
the data sheet data and curves. The component values that 
need to be considered are the feedback resistor, input and/or 
output terminating resistor, load resistor, load capacitor, gain 
setting resistor, and power supply voltage. 


During the evaluation you must keep in mind that the idea is 
to determine how closely the model matches the op amp as 
it is characterized in the manufacturer's data sheet. Remem- 
ber, you are not trying to characterize the op amp. You may 
find a better method to characterize the op amp, and this is 
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good information for future use, but it is not germane for 
evaluating the model. Application note AN9523 is a handy 
tool to use for model evaluations because it allows for and 
encourages the incorporation of the data sheet operating 
conditions. In addition it runs three parallel circuits and auto- 
matically normalizes the data for three different gains, invert- 
ing or non-inverting, in one pass of the program. The 
programs are the closest thing to an industry standard, and 
they are available in the application note or on the Harris 
Semiconductor SPICE model disk. 


Comparison Criteria 


The comparison criteria results from the distillation of a 
series of conversations with design engineers. Some might 
call it an arbitrary or even punitive standard, but it is the only 
one in existence, so it will be used. When the peaking is 
within 2dB, this is considered to be good correlation, while 
peaking in excess of 2dB is designated as marginal. 
Although the best case is where the data sheet matches the 
model results, data sheet peaking less than the model peak- 
ing is preferable because it is less likely to lead the designer 
to optimistic conclusions. Peaking causes the emphasis of 
the high frequencies contained in the signal so it usually 
leads to distortion. 


Bandwidth correlation of the model to the data sheet within 
20 percent is acceptable. Data sheet bandwidth greater than 
the model bandwidth is preferable because it leads to con- 
servative design. 


The transient response correlation should be within 20 per- 
cent, but this parameter is secondary to the peaking and 
bandwidth. It is extremely difficult to get good transient 
response from a model, so many model designers sacrifice 
this parameter in favor of the frequency response plots. 


The data sheet curves are obtained from measurements 
made on a “typical” IC, and considering the difficulties 
encountered when measuring CFAs, these curves are only 
repeatable to a few percent. The model approximates the IC 
performance, so it should be expected that there will be 
some differences between the curves produced by the 
model and the data sheet curves. The tolerances set out 
above are meant to account for these differences. 


Op Amps Compared In The Evaluation 


The following op amps were selected for evaluation: the 
Harris Semiconductor HA5013[1], the Analog Devices 
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TABLE 1. RESULTS OF THE NON-INVERTING GAIN EVALUATION 


DATA SHEET MODEL DATA SHEET MODEL 
OP AMP PEAK/DIP PEAK/DIP -3dB BW -3dB BW 


HA5013 


AD811 


CLC414 
LT1229 


AD811 [2], the Comlinear CLC414 [3], and the Linear Tech- 
nology LT 1229 [4]. These op amps were selected on the fol- 
lowing criteria: availability, current feedback architecture, 
available SPICE models, the bandwidths are similar, and the 
remaining parameters are similar. No attempt was made to 
review the model to determine if one model appeared to be 
superior to another; the only criteria for selection is given 
above. There are some other companies that might have 
been included in the comparison, but their models were not 
on hand when the comparison was done. 


Test Results For Non-Inverting Op Amps 


The conditions for each test are exactly the same as those 
given on the vendor’ data sheet. At first glance this may 
seem unfair because one vendor tests with a 10pF load and 
another does not specify a load capacitor (how do they get 
probes and loads that don’t have capacitance?), but 
because we are evaluating each model against its data 
sheet, it is a fair comparison. The load conditions for each op 
amp comparison are given in Table 2. A separate simulation 
with a small capacitive load was run for each op amp model 
to check for instability. The results of the non-inverting gain 
evaluation are summarized in Table 1. 


The HA5013 data is shown in Figure 1. The HA5013 model 
indicates 0.7dB less peaking than the data sheet, and it indi- 
cates 5MHz less bandwidth than the data sheet. Both of 
these numbers are well within the comparison criteria so it is 
safe to assume that the model represents the IC very well for 
the non-inverting gain configuration. 


The AD811 data is shown in Figure 2. The AD811 model has 
2.3dB peaking while the data sheet shows OdB peaking. The 
model bandwidth is 9MHz less than the data sheet band- 
width. This is marginal performance for the model, but if it is 
used to evaluate a circuit the results will be pessimistic so 
the designer should be safe. 


This model, see Figure 3, shows a spike in the frequency 
response at 900MHz when a 4pF load capacitor is added to 


7OMHz 
119MHz 


58MHz 
110MHz 


| 415MHz 15MHz | 


rows 


the circuit. If the spike is just an artifact produced by the 


model it may have no effect on the actual circuit perfor- | 


mance, but if it shows up in the IC transfer function it could 
cause high frequency oscillation problems. Clearly, the spike 
needs to be investigated further before the designer can be 
comfortable with the IC and the model. The data sheet 
shows quite a bit of difference between the frequency 
response curves at +15V and +5V power supply operation. 
The SPICE model analysis shows no difference between 
these curves, so unless further information comes to light, it 
must be assumed that the model does not include effects 
due to power supply variations. 


The CLC414 data is shown in Figure 4. The CLC414 model 
has 2dB of peaking versus the data sheet peaking of OdB, 
and the model bandwidth is 210MHz versus the data sheet 
bandwidth of 7OMHz. The difference in the peaking numbers 
is within our criteria with the high number being in the model 
so it is acceptable. The bandwidth difference is so large that 
the model might be not be usable because it will predict 
overly optimistic results. Also, the model may need some 
help; sometimes these models need the addition of external 
components to aid convergence or measurements. It would 
be in the designer's best interest to contact the manufac- 
turer's applications department prior to proceeding with a 
design based on this model. 


Figure 5 shows the effect of adding a 4pF load capacitance. 
Notice that the peaking increases about 1dB, and the -3dB 
bandwidth increases about 7 percent when the load capaci- 
tor is added to the circuit. This is normal operation for a CFA, 
and it can be countered by increasing the feedback resistor a 
few percent [5]. 


The LT1229 data is shown in Figure 6. The LT1229 model 
has a 0.8dB dip, while the data sheet shows a 0.2dB peak. 
The numbers are small, but they go in opposite directions, 
SO overall it adds up to a 1dB error which is acceptable. The 
model bandwidth is 120MHz, and the data sheet bandwidth 


is 102MHz, so this does not meet the evaluation criteria. Fur- — 


thermore, the model will predict a much better high fre- 
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TABLE 2. LOAD CONDITION FOR EACH NON-INVERTING GAIN EVALUATION 


FEEDBACK 
OP AMP POWER SUPPLY LOAD RESISTOR LOAD CAPACITOR RESISTOR . 


HA5013 


AD811 


_ 
7 


quency performance than the IC can deliver, so the 
designers must factor this into their calculations. 


Figure 7 shows the effect of adding a 4pF load capacitance 
to the LT1229. The dip decreases about 0.4dB, while the 
-3dB bandwidth increases about 12 percent. Again, this is 
normal operation for a CFA, and it can be countered by 
increasing the feedback resistor a few percent. 


Figure 8 shows the non-inverting frequency response at +5V 
power supplies. The data sheet predicts a bandwidth change 
from 102MHz to 60MHz when the power supplies are 
changed from +15V to +5V. The model shows a change from 
120MHz to GOMHz when the supply voltage is changed. This 
is an example of why the model needs to be examined 
before doing any design is with it. At 15V supplies the 
designer has to worry about getting optimistic results, while 
at 5V supplies the design results should be right on target. 
This is also a good example of a SPICE model which 
includes a good supply voltage dependency function. 


Test Results For The Inverting Op Amps 


The conditions for each test are exactly the same as those 
given on the vendor's data sheet. The load conditions for 
each op amp comparison are given in Table 4. The results of 
the inverting gain evaluation are summarized in Table 3. The 
LT1229 data sheet did not include any inverting gain curves, 
so it was not included in this evaluation. 


The HA5013 data is shown in Figure 9. The HA5013 model 
indicates 1dB less peaking than the data sheet, and it indi- 
cates 15MHz less bandwidth than the data sheet. Both of 
these numbers are well within the comparison criteria, so it is 
safe to assume that the model represents the IC very well for 
non-inverting gain. The model bandwidth for the gain of 10 
configuration is 7OMHz compared to a data sheet bandwidth 
of 22MHz, thus this model will yield overly optimistic answers 
at high inverting gains. If the model designer has to make a 
compromise, it will usually happen at high inverting gains. The 
compromises are made at high inverting gains because this is 
where CFAs are used the least. 


The AD811 data is shown in Figure 10. The AD811 model 
indicates 0.8dB of peaking, and when this is compared to 
the data sheet which has no peaking it all looks fine. The 
model does have 2.3dB peaking when it is in a gain of -10 
configuration, thus, depending on what gain the designer is 
working at, allowances may have to be made for this error. 
Again, the compromise has been made at high inverting 
gains. The model bandwidth matches the data sheet band- 
width very well. 


The CLC414 data is shown in Figure 11. The CLC14 model 
indicates 0.3dB of peaking, and when this is compared to 
the 0.8dB peaking shown on the data sheet it is well within 
the comparison criteria. The model bandwidth is 180MHz 
compared to the data sheet bandwidth of 97MHz, so the 
model will predict overly optimistic frequency performance. 
The -10dB performance of this model is excellent, which 
proves that not all model designers push the poorer perfor- 
mance into the high inverting gain configurations. 


Time Domain Testing 


Each op amp was evaluated with a +100mV square wave 
input signal to determine the small signal time domain 
response. If a photograph of this response is in the data 
sheet, then a comparison can be made to find out how well 
the PSPICE simulation mirrors the time domain response. If 
the photograph is not contained in the data sheet, this data 
still has value because it can be compared to the theoretical 
time domain response as calculated from the second order 
transfer function equation [6]. 


The HA5013 small signal pulse response (equivalent to the 
time domain response) is shown in Figure 12. The model 
and the data sheet both show a few percent of overshoot 
which is very good correlation. 


The AD811 small signal pulse response is shown in Figure 
13. The PSPICE program was not able to complete the anal- 
ysis because the time domain response never settled down. 
The program chooses the time step size according to the 
activity of the response, and the AD811’s very active 
response dictated a small time step, which resulted in too 
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TABLE 3. RESULTS OF THE INVERTING GAIN EVALUATION 


-10 O0dB 
CLC414 


oom | caw | meacon| rte | “astow | Sooo 
OP AMP PEAK/DIP PEAK/DIP -3dB BW -3dB BW 
a 
SO 
a 


HASO13 
aT eos 
0dB 
AD811 odB 


2.3dB 95MHz 105MHz 


115MHZ 


110MHZ 


TABLE 4. LOAD CONDITION FOR EACH INVERTING GAIN EVALUATION 


many calculations. The time domain response overshoots 
the final value by 160mV for a 200mV step. This is almost a 
complete reflection of the input step, and it is very unusual. 
This phenomena may be related to the spike in the non- 
inverting frequency response curve, but wherever it comes 
from, it must be investigated and resolved before the model 
is usable for time domain analysis. 


The CLC414 small signal pulse response is shown in Figure 
14. The model overshoot is 100mV, and it settles out in 
30ms. There is no photograph of the small signal pulse 
response in the data sheet, so the model cannot be com- 
pared to the data sheet. How much can the model's transient 
response be trusted? The only way to determine this is to 
test the op amp, and then compare the test results to the 
model results. Considering the large amount of overshoot, 
and the bandwidth results, this may be a wasted effort. 


The LT1229 small signal pulse response is shown in Figure 
15. The model overshoot is 85mV, and it does not settle out 
for 43ns. The small signal rise time is shown in the data sheet, 
and the photograph has very little overshoot. The model over- 
shoot is much more than one would expect from an op amp 
which has very little peaking in its frequency transfer function, 


POWER LOAD LOAD 
OP AMP SUPPLY RESISTOR CAPACITOR 


AD811 +15V 150Q OpF pa 590 


7 Mahe 


RESISTOR 


500Q 
5002 
5002 


thus it seems safe to assume that the model adds overshoot 
to the time domain response. The model is usable for tran- 
sient analysis, but picking the model artifacts out of the plots 
will be laborious and possibly misleading. 


Summary 


No model meets the evaluation criteria in every case, and 
this is because the models are approximations of reality. 
Also, the data sheets, which in this analysis have been con- 
sidered to be the standard, contain some degree of error. 
This lack of correlation between the data sheet and the mod- 
els will always exist; and the proof is that the op amp design 
engineers always complain that the process models are not 
accurate enough. The paradox is that when the process 
models evolve enough to become really accurate the pro- 
cess has usually aged and is becoming obsolete. 


The HA5013 model is the most accurate by any standard. It 
meets all the evaluation criteria except at one point. This is 
because the model performance standards were set first, 
and then the model was constructed to meet the perfor- 
mance standards. Designing the model involves a trade-off 
between complexity, run time, convergence capability and 
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accuracy. The HA5013 model was able to optimize these 
parameters through the use of some special techniques. 


The LT1229 model is acceptable except for its transient per- 
formance. The other models will be hard to use with good 
accuracy. 


The model should be first evaluated against the data sheet. If 
excellent correlation is obtained, such as the HA5013 gave, 
then the model results can be trusted. If any doubt exists 
about the model, then electronic circuit theory, a good calcula- 
tor and the lab must be employed to settle the questions. 


When the model performance matches the data sheet per- 
formance, and both match the lab performance the results 
are trustworthy. This model can be used to predict the per- 
formance of any linear circuit configuration which converges. 
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FIGURE 1. NON-INVERTING FREQUENCY RESPONSE 
OF THE HAS5013 


FREQUENCY (MHz) 


FIGURE 2. NON-INVERTING FREQUENCY RESPONSE 
OF THE AD811 


1.0 10 100 1.0GHz 10GHz 
FREQUENCY (MHz) 
FIGURE 3. UNEXPECTED NON-INVERTING FREQUENCY PLOT 
FOR THE AD811 


FREQUENCY (MHz) 


FIGURE 4. NON-INVERTING FREQUENCY RESPONSE 
OF THE CLC414 
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FREQUENCY (MHz) FREQUENCY (MHz) 
FIGURE 5. EFFECT OF 4pF LOAD ON THE CLC414 FIGURE 6. NON-INVERTING FREQUENCY RESPONSE 
OF THE LT1229 


FREQUENCY (MHz) FREQUENCY (MHz) 


FIGURE 7. EFFECT OF THE 4pF LOAD ON THE LT1229 FIGURE 8. NON-INVERTING FREQUENCY RESPONSE 
OF THE LT1229 AT +5V 


FREQUENCY (MHz) FREQUENCY (MHz) 


FIGURE 9. INVERTING FREQUENCY RESPONSE OF THE HAS5S013- =~ FIGURE 10. INVERTING FREQUENCY RESPONSE OF THE AD811 
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FIGURE 11. INVERTING FREQUENCY RESPONSE OF THE CLC414 FIGURE 12. HA5013 SMALL SIGNAL PULSE RESPONSE 
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FIGURE 13. AD811 SMALL SIGNAL PULSE RESPONSE FIGURE 14. CLC414 SMALL SIGNAL RESPONSE 
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FIGURE 15. LT1229 SMALL SIGNAL PULSE RESPONSE 
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High-Frequency VGA Has Digital Control 


Author: Ronald Mancini 


Introduction 


You can use variable-gain amplifiers (VGAs) in many types 
of systems, such as radio receivers, in which the input signal 
voltage depends on an uncontrolled variable, such as dis- 
tance to the transmitter. In this type of system, you can use a 
VGA to ensure that the input signal amplitude matches the 
input voltage range of key components, such as ADCs and 
DACs, thereby maximizing the converters’ dynamic range. 
The VGA in Figure 1 has high bandwidth, ranging from 
115MHz at high gain to 225MHz at low gain, so you can use 
this circuit in the RF-signal path without degrading the sig- 
nal. You can update the DAC in this circuit at 100MHz, but 
the level-shifter op amp limits the speed at which you can 
update the gain of the VGA to 3MHz. As configured, this 
VGA implements a calibration function with a 3MHz DAC 
update rate. 


The VGA design comprises a three-transistor, long-tailed 
pair configuration comprising Q;, Qo, and Q3. By changing 
the base voltage of Q3, the DAC (IC,) varies the emitter cur- 
rents of the long-tailed pair. Changing Q3’s base voltage 
controls the gain according to the following equation, where 
K is a function of the emitter current and VBz is the base volt- 
age of Q3: 


G = KVin|Vpg]- 


The gain control and bias-stability parameters of the circuit 
depend on transistor matching, so the circuit uses an 
HFA3102 matched, long-tailed array for Q; through Q3. The 
usable range of Vp; is -0.8 to -4.4V, which corresponds to a 
gain range of 11.8 to -16.9dB, respectively. This gain span is 
a total of 28.7dB. The gain is proportional to Ry. Increasing 
R, increases the gain, but the gain span stays constant at 
approximately 28.7dB. Increasing the gain causes a corre- 
sponding decrease in the frequency response. 


Ro, Rg, and the -5V supply form a bias circuit that sets Vp to 
-4.4V when there is no DAC output current (the voltage 
across R, is zero), which occurs at a digital input of all ones. 
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When the digital input is all zeros, the DAC output current is 
20mA, which develops -1V across Rj. ICo level-shifts and 
amplifies this voltage to yield Vg3 = -0.8V. The CA5160 
works well as the level shifter because its low bias currents 
do not affect the DC performance, and its bandwidth enables 
the gain to change at a rate as high as 4MHz. 


You should keep the input signal level at about 25mV to pre- 
vent distortion. The signal path has an excellent frequency 
response because the HFA3102 is the only component in 
the signal path. A frequency response plot for Vg = -3V 
(gain of 10dB) shows that the transfer function is well- 
behaved with no peaking and that the frequency response is 
131MHz at the -3dB point. The DAC transfers the digital 
input to the internal registers on the rising edge of the clock 
pulses. This circuit uses the inverting DAC output to yield a 
positive increasing-transfer function, but you can obtain the 
inverse-transfer function by using the noninverting input 
(Table 1). 


TABLE 1. V@4A PERFORMANCE SUMMARY 


Vp3 (V) 


F_sqp, (MHz) 


es 
0000 0000 0000 | 1111 1111 1111 
1111 1111 1111 | 0000 0000 0000 


If fast updates are unnecessary, you can use a slower DAC 
than IC. However, you may also have to redesign the inter- 
face circuit (IC. and associated conponents) if the DAC out- 
put voltage swing changes (DI #1895). 


Digital Input/Invelting 
Output 


Digital Input/Noninventing 
Output 
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NOTE: 
1. Qy, Qo, Q3 = HFA3102. 
FIGURE 1. 


This variable-gain amplifier has high bandwidth ranging from 115MHz at high gain to 225MHz at low gain, and you can 
update the gain at a -3MHz rate. 
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Use and Application of Output Limiting Amplifiers 
(HFA1115, HFA1130, HFA1135) 


Authors: Mark Amarandos and Jeff Lies 


Introduction 


Amplifiers with internal voltage clamps, also known as limiting 
amplifiers, have a wide range of practical uses. They are most 
commonly used to protect load circuitry that has a limited 
input range. By connecting the high and low clamp pins to DC 
levels, the output voltage may be restricted to the desired 
range. The internal clamp circuitry also avoids saturation of 
the output stage devices and assures fast overload recovery. 


Prior to the introduction of limiting amplifiers, design engji- 
neers had to develop their own limiting networks. This net- 
work was as simple as two Schottky diodes and a current 
limiting resistor, or as complicated as an adjustable limiting 
network that might employ several transistors, resistors and 
diodes. With limiting amplifiers, adjustable limiting networks 
are realized with a simple resistor divider network connected 
to the high and/or low limit pins. 


Many other applications exist for limiting amplifiers. Because 
of their fast response time and flexibility in output voltage 
range, they make excellent high performance comparators. 
Several applications make use of the wide bandwidth of the 
clamp inputs. Through appropriate modulation of the clamp 
input voltages, an AM modulator, soft clipping circuit and sync 
stripper can be realized. This application note describes how 
amplifiers with internal clamps work, the advantages of using 
these amplifiers for limiting and a number of application circuits. 


Input vs Output Limiting 


There are two classes of limiting amplifiers on the market 
today, those that employ input limiting to constrain the output 
voltage, and those that utilize output limiting. Each has their 
own advantages, and users should understand these issues 
and pick the best one for their application. Advantages of 
input limiting amplifiers include: better clamp accuracy, con- 
tinued low closed loop output impedance during limiting, and 
depending on the implementation, input limiting may or may 
not prevent input stage saturation. 


Input limiting amplifiers have some serious limitations, how- 
ever, which are not shared by output limiting versions. The 
input limiting amplifier offers no limiting action when config- 
ured in inverting gains, and does not protect against tran- 
sients introduced at the inverting input, because the input 
limiting function applies only to the positive input. 


Additionally, because the limiting voltages are applied to the 
input stage, they are amplified by the op amp’s gain. This 
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precludes the use of input limiting amps in open loop configu- 
rations (e€.g., comparators) and makes the setting of the limit 
voltages much more critical. Consider a limiting amplifier in a 
closed loop gain of 10. A 10mV error in setting the limit volt- 
age translates into a 100mV error at the output of an input lim- 
iting amplifier, while the output limiting amp delivers only the 
10mvV error. If an input limiting amplifier becomes damaged 
and goes open loop, the rail-to-rail output swing will likely take 
out the expensive A/D it was designed to protect. Output limit- 
ing controls the output excursions as long as the limiting cir- 
cuitry remains functional. This application note focuses on 
output limiting amplifiers due to their greater flexibility. 


Output Limiting Current Feedback Amplifiers 


Harris Semiconductor's line of output limiting amplifiers are 
current feedback op amps which feature user programmable 
output clamps to limit output voltage excursions. Limiting 
action is obtained by applying voltages to the V}, and V,_ ter- 
minals (pins 8 and 5) of the amplifier. Vj sets the upper out- 
put limit, while Vi sets the lower clamp level. If the amplifier 
tries to drive the output above Vy, or below V,, the clamp 
circuitry limits the output voltage at Vy, or Vi (+ the clamp 
accuracy) respectively. The output voltage remains at the 
clamp level as long as the overdrive condition remains. 


When the input voltage drops below the overdrive level 
(VcLamp / Ayc_) the amplifier returns to linear operation. A 
time delay, known as the Overdrive Recovery Time, is 
required for this resumption of linear operation. The clamped 
overdrive recovery time may be an order of magnitude faster 
than the amplifiers normal saturation recovery time. The low 
input bias currents of the clamp pins allow them to be driven 
by simple resistive divider circuits, or active elements such 
as amplifiers or D/A converters. Because the clamp circuit is 
part of the amplifier, and the amp has been characterized 
with the clamp circuit present, the user can be confident that 
the clamp circuitry will induce minimal performance degrada- 
tion during normal linear operation. 


Clamp Circuitry 


Figure 1 shows a simplified schematic of the HFA1130 input 
stage, and the high clamp (V) circuitry. As with all current 
feedback amplifiers, there is a unity gain buffer (Qx1 - Qya) 
between the positive and negative inputs. This buffer forces 
-IN to track +IN, and sets up a slewing current equal to the 
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current flowing through the inverting input. This current is mir- 
rored onto the high impedance node (Z) by Qx3 - Qx4, where 
it is converted to a voltage and fed to the output via another 
unity gain buffer. If no clamping is utilized, the high impedance 
node may swing within the limits defined by Qp4 and Qnaq. 
Note that when the output reaches its quiescent value, the 
current flowing through -IN is reduced to only that small cur- 
rent (-Ipjas) required to keep the output at the final voltage. 


(EXTERNAL) 


sia Vout 


FIGURE 1. HFA1130 SIMPLIFIED Vj, CLAMP CIRCUITRY 


Tracing the path from node Vy to node Z illustrates the effect 
of the clamp voltage on the high impedance node. Vy 
decreases by 2Vpe (Qng and Qpeg) to set up the base voltage 
on Qps. Qps begins to conduct whenever the high impedance 
node reaches a voltage equal to Qps’s base + 2Vpe (Qps and 
Qns)- Thus, Qps clamps node Z whenever Z reaches Vy. Ry 
provides a pull-up network to ensure functionality with the 
clamp input floating. A similar description applies to the sym- 
metrical low clamp circuitry controlled by V_. 


When the output is clamped, the negative input continues to 
source a slewing current (Ic_ amp) in an attempt to force the 
output to the quiescent voltage defined by the input. Qps 
must sink this current while clamping, because the -IN cur- 
rent is always mirrored onto the high impedance node. 


Clamp Accuracy 


The clamped output voltage will not be exactly equal to the 
voltage applied to Vy or V,.. Offset errors, mostly due to Vee 
mismatches, cause inaccuracies in the clamping level. Clamp 
accuracy is a function of the clamping conditions. Referring 
again to Figure 1, it can be seen that one component of clamp 
accuracy is the Var mismatch between the Qyg transistors, 
and the Qys transistors. If the transistors are run at the same 
current level there is no Vgg¢ mismatch, and no contribution to 
the inaccuracy. The Qyg transistors are biased at a constant 
current, but as described earlier, the current through Qxg is 
equivalent to IcLamp- VBE increases as Ic, amp increases, 
causing the clamped output voltage to increase as well. 


ICLAMP Is a function of the overdrive level and Rr, so clamp 
accuracy degrades as the overdrive increases, and as Rr 
decreases. Consideration must also be given to the fact that 
the clamp voltages have an effect on amplifier linearity. As the 
output voltage approaches the clamp level the clamp circuitry 
starts to conduct and linearity degrades. Most limiting ampli- 
fier data sheets detail the impact on linearity in a graph enti- 
tled: “Non-linearity Near Clamp Voltage”. 


Clamp Range 


Unlike some limiting amplifiers, both Vy and V_ of HFA 
series amplifiers have usable ranges that cross OV. While V4 
must be more positive than V;, both may be positive or neg- 
ative, within the range restrictions indicated in the specifica- 
tions. For example, the HFA1130 output could be limited to 
ECL levels by setting V}yj = -0.8V and V;_ = -1.8V. 


Use as a Protection Circuit 


Limiting amplifiers are frequently used to protect circuitry 
that has a limited input range. A classic example is a buffer 
for an A/D converter. Many A/D converters can be damaged 
if their input is taken much beyond their specified input 
range. In addition to providing necessary input voltage 
clamping, a limiting amplifier can provide the peak currents 
needed to charge the A/D converter input capacitance and 
remain stable with step changes in input voltage. Of course, 
the limiting amplifier can also provide the gain and level shift- 
ing frequently required preceding an A/D converter. 


In Figure 2, the HFA1135 limiting amplifier is used to drive the 
HI1175 8-bit, 20 MSPS A/D Converter. The HFA1135 is con- 
figured as a level shifting amplifier with an offset of 0.5V anda 
gain of 2. This allows a ground referenced, 1V Max signal to 
span the full 2V input range of the HI1175. The HI1175 is typi- 
cal of many single supply A/D converters which have an input 
range that does not include ground. The Vp_y and Vpp volt- 
ages of 2.5V and 0.5V respectively set the limits of the HI1175 
input range. The V;_ clamp voltage of OV keeps the lower limit 
of the input to the HI1175 within its absolute maximum range. 
The 0.5V difference between the nominal minimum input volt- 
age and the clamp voltage assures that the clamp circuitry 
does not effect the linearity of the circuit. A voltage divider sets 
the Vy voltage to approximately 3V. 


3kQ 2kQ 


HI1175 


2 Dout 


FIGURE 2. HFA1135 DRIVING THE HI1175 ADC 
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a 


6 HFA1130 


FIGURE 3. HFA1130 DRIVING THE HI1166 ADC 


In Figure 3, the HFA1130 is used in a gain of -2 to drive the 
input of the HI1166 8-bit, 250 MSPS A/D Converter. Typical 
of A/D converters that operate above 100Msps, the HI1166 
is an ECL part that runs from power supplies of GND and 
-5.2V. The HFA1130 allows a OV to 1V input to span the OV 
to -2V range of the A/D converter. Resistor dividers set the 
Vy and V limit levels to 0.5V and -2.5V respectively. 


Using Current Feedback Amplifiers as Comparators 


Current feedback amplifiers, especially those with output limit- 
ing, make excellent high speed, open loop comparators. 
Recall that the non-inverting input connects to the input of a 
unity gain buffer, while the inverting input connects to the 
buffer output. This buffer sources or sinks current until the 
error current is minimized, and this buffer current is mirrored 
onto the high impedance node to provide the slewing current. 
Since the slewing current is proportional to the current flowing 
through the amplifiers inverting input, the slew rate may be 
adjusted by the external resistance on the inverting input. 


lf a voltage is applied to the non-inverting input, the internal 
buffer forces the inverting input to the same voltage, the buffer 
will sink or source current accordingly, and the amplifier output 
will fall or rise respectively. With no provision for feedback, the 
buffers current remains constant, and the output drives into the 
stops resulting in output saturation with its undesirable effects. 


Consider the HFA1130 based inverting comparator circuit 
(Figure 4). The GND at the HFA1130’s non-inverting input 
forces the internal buffer to output OV at the inverting input. 
As soon as Vy rises above OV, the input buffer begins sink- 
ing current, and the output signal falls to its negative stop. 
When Vix returns below GND, the output transitions high. 


3.16kQ 


3.16kQ 


FIGURE 4. HFA1130 IMPLEMENTED AS AN INVERTING, 2ns, 
TTL COMPATIBLE OUTPUT COMPARATOR 


Because of the HFA1130’s relatively small propagation delay 
of 0.5ns, the dominant component of the comparator's 
response time is the op amp’s slew rate. Since the slew rate 
is a function of ljjy, the response time is strongly influenced 
by Vin, and the choice of Riy. Decreasing Rix decreases 
the response time, with a slight decrease in limiting accu- 
racy, (Figure 5). However, if Rix is too small the internal cur- 
rent mirrors can saturate and reverse the effect. To 
implement a non-inverting comparator, simply ground the 
outboard side of Rij, and apply the input signal to the ampli- 
fier’s non-inverting input. 


Fe a 
= (Tr ouTPpuT +— OUTPUT 
4 | Ff | (Rin = 2490 Hoy a (Rin = 5102) 

a 


TIME (5ns/DIV.) 


FIGURE 5. DECREASING Rij REDUCES THE COMPARATOR 
RESPONSE TIME FROM 2.5ns TO 1.2ns 


Comparator Benefits From Output Limiting 


The HFA1130’s open loop response plot (Figure 6) illustrates 
the key advantages of using output limiting amplifiers for 
comparator applications. Besides the obvious benefit of con- 
straining the output swing to a defined logic range, limiting 
the output excursions also keeps the output transistors from 
saturating which prevents unwanted saturation artifacts from 
distorting the output signal. Utilizing the output limiting func- 
tion also takes advantage of the HFA1130’s ultra-fast recov- 
ery from clamped overdrive (<ins). Instead of the >10ns 
propagation delay (the HFA1130’s normal saturation recov- 
ery time) obtained with the unrestricted output, limiting the 
positive swing to 2.5V yields a 2ns response time. 


TIME (5ns/DIV.) 


FIGURE 6. COMPARISON OF COMPARATOR RESPONSE 
WITH AND WITHOUT OUTPUT LIMITING 


AM Modulator Circuit 


The fast overdrive recovery time and wide bandwidth of the 
Clamp inputs allows these inputs to be driven by high frequency 
AC as well as DC signals. When driven at the appropriate 
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levels, the clamp inputs may be used to form an AM modulator. 
Figure 7 shows a complete AM modulator circuit. The HFA1130 
Limiting Amplifier is driven by a 4Vp_p carrier signal. The gain 
of 2 through the HFA1130 insures that the carrier amplitude is 
sufficient to drive the output over its +3.3V range. 


HFA1212 


SIGNAL 
INPUT 
3Vp.p MAX 


CARRIER 
INPUT 
4Vp.p 


FIGURE 7. AM MODULATOR UTILIZING THE HFA1130 
LIMITING CAPABIILITY 


The HFA1212 performs the necessary level shifting and inver- 
sion to convert the modulating signal input into a pair of anti- 
phase signals that control the high and low clamp inputs. Uj, 
inverts the signal and level shifts to -1.5V. U;p inverts that sig- 
nal forming a complimentary signal centered at +1.5V. 


With a signal input of OV, Us produces a 3Vp-_p output at the 
carrier frequency. As the signal input varies, Up produces a 
symmetrically modulated carrier with a maximum amplitude 
of 6Vp.p. The oscilloscope photograph in Figure 8 shows a 
5MHz carrier AM modulated by a 100kHz signal. The 
2300V/us slew rate of the HFA1130 limits 6Vp.p amplitude 
carrier signals to a frequency of 61MHz. If adjusted for lower 
output signal levels, the carrier and modulating frequencies 
can be increased to well above 100MHz. 


FIGURE 8. A5MHz CARRIER IS AM MODULATED BY A 
100kHz SIGNAL 


Soft Clipping Circuit 


Any amplifier stage driven to the limit of its linear range will 
cause signal clipping. The circuit described here establishes a 
clipping level that is a function of the input signal. The result is a 
soft clamp function where the amplifier has one gain in its linear 
operating range and a user programmable lower gain when the 
output reaches an arbitrary threshold. The circuit may be used 
in imaging applications to expand the contrast of low level sig- 
nals. It can be used in audio circuits to avoid generation of 
objectionable harmonics due to hard clipping. It also has appli- 
cation in control loops that otherwise would become unstable 
when their error amplifiers saturate. This circuit can be used in 
a broad range of applications that require a combination of high 
sensitivity for low level signals and wide dynamic range. 


The basic soft clipping circuit, based on the HFA1135, is 
shown in Figure 9. The nominal value of Rj is 1.5kQ which is 
the optimum feedback resistor for the HFA1135. Hard clamp- 
ing results with Ro and Rq shorted, and R3 and Rs removed. 
Figure 10 illustrates the hard clamping operation with a 
100kHz input signal and clamp levels set at +1V. The circuit 
has unity gain for inputs that fall between the clamp levels. 
The addition of Ro through Rs make the clamp level a func- 
tion of the input signal. The output for signals in excess of 
VcH (Voltage Clamp High) is given by: 


Vo = (VinRa + VoHRa) / (Ro + Ra). 


FIGURE 9. HFA1135 OUTPUT LIMITING AMPLIFIER 
CONFIGURED FOR SOFT LIMITING 


were. 


FIGURE 10. HARD CLIPPING RESULTS FROM A GAIN OF 
ZERO ABOVE THE CLAMP LEVEL 
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Figure 11 shows the result with Ro and Ry set to 1kQ, and 
Rg and Re set to 5kQ. The gain for signals greater than 1V is 
1/6. In Figure 12, Ro through Rs have been set to 1kQ, and 
the gain above 1V is 1/2. Note that the high and low clamp 
levels need not be symmetrical, and the attenuation factors 
above and below those levels may be different. 


Limiting amplifiers are frequently used at the front end of 
systems to accommodate wide dynamic range signals that 
may extend beyond the common mode range of the system. 


While the circuit in Figure 9 performs soft clipping, it is 
restricted to signals within the +2.4V input voltage range of 
the HFA1135. The circuit in Figure 13 incorporates an addi- 
tional clamp network that allows the circuit to be used with 
signals that exceed the input voltage range. Using the values 
shown, the circuit has unity gain for signals that range 
between +1V. The gain for inputs beyond that range is 1/6. 
Soft clipping works for signals up to +9.4V which is well in 
excess of the +5V power supply levels for the HFA1135. 
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FIGURE 11. SOFT CLIPPING WITH A GAIN OF 1/6 ABOVE THE 
CLAMP LEVEL 


CLAMP LEVEL 


VCH ¢ 
(+1V) 


VeL ¢ 
(-1V) 


FIGURE 13. SOFT CLIPPING CIRCUIT WITH EXTENDED INPUT 
RANGE 
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Guidelines for Soldering Surface Mount Components to PC Boards 
Author: Maury Rosenfield 


The most commonly used techniques for mounting SMDs 
(Surface Mounted Devices) to PC boards are Infrared (IR) and 
Vapor Phase (VP) reflow. IR and VP reflow are preferred over 
wave soldering. Wave soldering typically involves increased 
heating rate, higher temperatures and increased flux exposure. 


The dynamics of the reflow process are influenced by the type of 
equipment used. The variables involved must be understood to 
properly control the board level interconnection of SMDs. 


The primary phases of the reflow process are: flux activation, 
melting the solder particles in the solder paste, wetting the 
surfaces to be joined, and solidifying the solder into a strong 
metallurgical bond 


Optimum fusing of the component leads with the solder paste 
on the board is achieved when the leads attain the melting 
temperature of the plated solder alloy. To avoid thermal shock of 
the SMDs the maximum heating and cooling rates (i.e., ramp 
rate) should be controlled. 


IR Reflow 


The IR reflow technique involves thermal energy supplied via 
lamps radiating at a given range of wavelength. This heating 
approach in its basic form is essentially a line-of-sight surface- 
heating technique. Therefore, the amount of thermal energy 
absorbed varies with board size, component size, component 
orientation, and materials used. The surface temperature of 
the board is not uniform throughout and board edges tend to 
run 10°C to 20°C higher than the center. If not properly 
planned, component overheating is possible. 


Vapor Phase Reflow 


The vapor phase reflow technique uses vapor from a boiling 
inert fluorocarbon liquid. The heat of condensation provides a 
thermal constraint dependent on the liquid selected. A typical 
material in the industry has a boiling point of 215°C. PC board 
temperature exposure should be very uniform. With essentially 
no temperature gradient across the surface of the board, 
component location design rules for even heating is not 
significant compared to IR reflow. 


Solder Profile Development 


Heating Rate - To avoid thermal shock to sensitive 
components the maximum heating rate should be controlled. It 
is desirable to hold the heating rate to less than 5°C/s. 


Preheat Zone - Boards should be preheated prior to the reflow 
step. Over-baking the solder paste and exceeding the glass 
transition temperature of the epoxy in FR-4 boards should be 
avoided. Depending on the type of IR or VP equipment, the 
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temperature of the component and the PC board should be 
within the range from 105°C to 145°C. 


Time above Solder Melting Point - It is recommended that the 
solder at the joint be kept above its melting point for sufficient 
time to flow and wet the lands and the leads. Depending on 
type of equipment and component size; time above 180°C 
could range from 10s to 150s. Extended duration above the 
solder melting point may damage the board and sensitive 
components. This value should be minimized but sufficient to 
allow for good solder joint formation. 


Peak Reflow Temperature - The peak temperature of the 
solder joint during reflow should be high enough for adequate 
flux action and solder flow to obtain good wetting. The preferred 
peak temperatures for IR and VP reflow are 215°C - 220°C. 
Residence time at peak temperatures should be minimized. 


Cooling Rate - The cooling rate of the solder joint after reflow 
is important because the faster the cooling rate, the smaller the 
grain size of the solder, and the higher the fatigue resistance. 
However, care should be taken to avoid an excessive 
temperature gradient resulting in potential damage due to 
mechanical stress. 


Summary of Soldering Precautions 


The soldering process can create a thermal stress on any 
semiconductor component. The melting temperature of solder 
is higher than the maximum rated temperature of the device. 
The amount of time the device is heated to a high temperature 
should be minimized to assure device reliability. Therefore, the 
following precautions should always be observed in order to 
minimize the thermal stress to which the devices are subjected. 


1. Always preheat the device. 

2. The delta temperature between the preheat and soldering 
should always be less than 100°C. Failure to preheat the 
device can result in excessive thermal stress which can 
damage the device. 

. The maximum temperature gradient should be less than 5°C 
per second when changing from preheating to soldering. 

. The peak temperature in the soldering process should be at 
least 30°C higher than the melting point of the solder chosen. 

. The maximum soldering temperature and time for wave 
soldering must not exceed 260°C for 5s on the leads and 
case of the device. 

. After soldering is complete, forced cooling will increase 
the temperature gradient and may result in latent failure 
due to mechanical stress. 

. During cooling, mechanical stress or shock should be 
avoided. 
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Linear Package Selection Guide 


Using the Selection Guide: 


The first character of each entry indicates the package type, while the number preceding the decimal point details the pack- 
age lead count. Except for Can packages, the decimal point and succeeding numbers specify the package width in inches 
(e.g. __.15 = 150 mil width). The entire entry indicates the table containing the appropriate package dimensions (e.g. 8 lead 
PDIP dimensions are detailed in Table E8.3). 


SOIC, SSOP, CERDIP (F), QUAD 
PART NUMBER TSSOP, PSOP PLCC SBDIP (D) FLATPACK 
a a ee a | 


CA139 M14.15 F14.3 Fe 
CA1458 

CA1558 

CA158 M8.15 

CA224 M14.15 

CA239 M14.15 F14.3 
CA258 M8.15 

CA2904 M8.15 

CA3018 h = 4 

CA3020 ae 

CA3028 E8.3 M8.15 

CA3039 M14.15 


CA3045 
CA3046 
CA3049 
CA3053 
CA3054 
CA3060 
CA3078 
CA3080 
CA3081 
CA3082 
CA3083 
CA3086 
CA3089 
CA3094 
CA3096 
CA3098 
CA3100 
CA3102 
CA3126 


F14.3, D14.3 


F16.3 
F16.3 
F16.3 
F14.3 


EXAMPLE: 
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SOIC, SSOP, CERDIP (F), QUAD 
PART NUMBER TSSOP, PSOP PLCC SBDIP (D) FLATPACK 


CA3140 T8.C 
CA3141 
CA3146 
CA3160 
CA3183 


4 
toe) 


C 


CA3193 
CA3227 
CA324 

CA3240 
CA3246 
CA3256 
CA3260 
CA3280 
CA3290 
CA339 

CA3420 
CA3440 
CA3450 
CA358 

CA5130 
CA5160 
CA5260 
CA5420 
CA5470 


ai 
122) 


C 


C 


—4 
fo) 


F16.3 


al 
1°.) 


C 


T8.C 


T8.C 


T8.C 
T8.C 


T8.C 


> 
= 
00 
© 


Se 
CD22402 poe 
HA-2400 F16.3 | 
HA-2404 F16.3 | 
HA-2405 F16.3 a ae 
HA-2406 F16.3 ae 
HA-2420 F14.3 L. #4 
HA-2425 N20.35 F14.3 (| 
HA-2444 | 
HA-2500 F8.3A 
HA-2502 F8.3A 
EXAMPLE: M 16 .15 
package! # 4 popy 
TYPE LEAD WIDTH 
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noe [vor [S| nae | Sr | oS [om 
PART NUMBER TSSOP, PSOP PLCC SBDIP (D) FLATPACK | 
a ON OC 
a A RR CN ONO GC 


HA-2520 F8.3A 
HA-2522 F8.3A 
HA-2525 F8.3A 
HA-2529 F8.3A 
HA-2539 F14.3 
HA-2540 F14.3 
HA-2541 F14.3 
HA-2542 F143 
HA-2544 F8.3A 
HA-2546 F16.3 
HA-2547 F16.3 
HA-2548 D8.3 

HA-2556 F16.3 
HA-2557 F16.3 
HA-2600 F8.3A 
HA-2602 F8.3A 
HA-2605 F8.3A 
HA-2620 F8.3A 
HA-2622 F8.3A 


maze id eeaeias | were 
raze | -reaeias were | 
asso i ~eaaeias | were | 
acoder 
awe] ere 
easiest 
acess «eves | wes | 


HA4600 


M8.15 N20.35 
M8.15 
M14.15 


M14.15 


E14.3 
E14.3 


E8.3 
E16.3 


M8.15 
M16.3 


E8.3 
E16.3 


M16.3 
M16.3 
M16.3 


M8.15 


Q44.10X10 
Q44.10X10 


EXAMPLE: 
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CO RN 
rasoos i’ ems] ws |] CY TC 
rasoos i es wee |] 
asoss | eas | waren | | |_| Tee 
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INFORMATION 


Plastic Packages for Integrated Circuits 


Dual-iIn-Line Plastic Packages (PDIP) 


SEATING 
PLANE 


NOTES: 
1. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
3. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication No. 95. 


4. Dimensions A, Ai and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 


5. D, D1, and E1 dimensions do not include mold flash or protru- 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 

6. E and are measured with the leads constrained to be per- 
pendicular to datum ; 

7. @p and @¢ are measured at the lead tips with the leads uncon- 
strained. €¢ must be zero or greater. 


8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 


9. Nis the maximum number of terminal positions. 


10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76 - 1.14mm). 
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Dual-in-Line Plastic Packages (PDIP) 
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14 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
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NOTES: 


0.100 BSC 2.54 BSC 


1. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 


2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
3. Symbols are defined in the “MO Series Symbol List’ in Section 


0.300 BSC 7.62 BSC 
2.2 of Publication No. 95. 


10.92 
0.115 0.150 
4. Dimensions A, A1 and L are measured with the package seated 


in JEDEC seating plane gauge GS-3. Rev. 0 12/93 
5. D, D1, and E1 dimensions do not include mold flash or protru- 

sions. Mold flash or protrusions shall not exceed 0.010 inch 

(0.25mm). 


6. E and are measured with the leads constrained to be per- 
pendicular to datum [-C-]. 

7. @g and @c are measured at the lead tips with the leads uncon- 
strained. @¢ must be zero or greater. 

8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 


9. Nis the maximum number of terminal positions. 


10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76 - 1.14mm). 
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Dual-In-Line Plastic Packages (PDIP) 
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NOTES: 


1. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 


2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


3. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication No. 95. ‘ ome ett eae | # 
4. Dimensions A, Ai and L are measured with the package seated Fo | 


in JEDEC seating plane gauge GS-3. Rev. 0 12/93 


5. D, D1, and E1 dimensions do not include mold flash or protru- 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 


6. E and are measured with the leads constrained to be per- 
pendicular to datum [-C-]. 


0.100 BSC 2.54 BSC 
Cn 0.300 BSC 7.62 BSC 


oO 
ie] 


© 
Ww 
nN 
on 


7. @g and @¢ are measured at the lead tips with the leads uncon- 
strained. @¢ must be zero or greater. 


8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 


9. Nis the maximum number of terminal positions. 


10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, £16.3, E18.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76 - 1.14mm). 
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NOTES: 


1. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 


2. Dimensioning and tolerancing per ANS! Y14.5M-1982. 
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3. Symbols are defined in the “MO Series Symbol List’ in Section 
2.2 of Publication No. 95. 


4. Dimensions A, Ai and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. Rev. 0 12/93 


5. D, D1, and E1 dimensions do not include mold flash or protru- 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 


6. E and are measured with the leads constrained to be per- 
pendicular to datum [-C-]. 


7. @g and ec are measured at the lead tips with the leads uncon- 
strained. @¢ must be zero or greater. 


tm 


8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 


9. Nis the maximum number of terminal positions. 


10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76 - 1.14mm). 
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Plastic Packages for Integrated Circuits 


Dual-In-Line Plastic Packages (PDIP) 


NOTES: 


1. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 


2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


3. Symbols are defined in the “MO Series Symbol List’ in Section 
2.2 of Publication No. 95. 

4. Dimensions A, A1 and L are measured with the package seated 
in JEDEC seating plane gauge GS-3. 

5. D, D1, and E1 dimensions do not include mold flash or protru- 


sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 


6. E and are measured with the leads constrained to be per- 
pendicular to datum [-C-]. 

7. @g and @c are measured at the lead tips with the leads uncon- 
strained. @¢ must be zero or greater. 


8. B1 maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 


9. Nis the maximum number of terminal positions. 


10. Corner leads (1, N, N/2 and N/2 + 1) for E8.3, E16.3, E18.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76 - 1.14mm). 
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Plastic Packages for Integrated Circuits 


Dual-In-Line Plastic Packages (PDIP) 


rn __ E24.6 (JEDEC MS-011-AA ISSUE B) 
24 LEAD DUAL-IN-LINE PLASTIC PACKAGE 
E1 
INDEX = , MILLIMETERS 
ar ee h SYMBOL NOTES 


0.100 BSC 2.54 BSC 
0.600 BSC 15.24 BSC 
0.700 


1. Controlling Dimensions: INCH. In case of conflict between 
English and Metric dimensions, the inch dimensions control. 


2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
3. Symbols are defined in the “MO Series Symbol List’ in Section 


2.2 of Publication No. 95. ane inate 
4. Dimensions A, A1 and L are measured with the package seated 24 


in JEDEC seating plane gauge GS-3. Rev. 0 12/93 


5. D, D1, and E1 dimensions do not include mold flash or protru- 
sions. Mold flash or protrusions shall not exceed 0.010 inch 
(0.25mm). 


6. E and are measured with the leads constrained to be per- 
pendicular to datum [ -C- ]. 


7. @p and @c¢ are measured at the lead tips with the leads uncon- 
strained. eg must be zero or greater. 


Cama] [wa nores 

CS ee 

a [ar [oos [050 

BASE | AZ | | 0.125 | | 0.195 | | 3.18 | | 4.95 | = 
SEATING 

| Ts 

De CS I 

B a Be 

TO a 

= 

a on 

CN e 


8. Bi maximum dimensions do not include dambar protrusions. 
Dambar protrusions shall not exceed 0.010 inch (0.25mm). 


9. Nis the maximum number of terminal positions. 


10. Corner leads (1, N, N/2 and N/2 + 1) for £8.3, E16.3, E18.3, 
E28.3, E42.6 will have a B1 dimension of 0.030 - 0.045 inch 
(0.76 - 1.14mm). 
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Plastic Packages for Integrated Circuits 


Small Outline Plastic Packages (SOIC) 
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Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication Number 95. 


. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
. Dimension “D” does not include mold flash, protrusions or gate 


burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 


. Dimension “E” does not include interlead flash or protrusions. In- 


terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 


. The chamfer on the body is optional. If it is not present, a visual 


index feature must be located within the crosshatched area. 


. “L’ is the length of terminal for soldering to a substrate. 

. “N’ is the number of terminal positions. 

. Terminal numbers are shown for reference only. 

. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 


above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch). 


Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 
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Small Outline Plastic Packages (SOIC) 
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Symbols are defined in the “MO Series Symbol List’ in Section 
2.2 Of Publication Number 95. 


. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
. Dimension “D” does not include mold flash, protrusions or gate 


burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 


. Dimension “E” does not include interlead flash or protrusions. In- 


terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 


. The chamfer on the body is optional. If it is not present, a visual 


index feature must be located within the crosshatched area. 


. “L’ is the length of terminal for soldering to a substrate. 

. “N”’ is the number of terminal positions. 

. Terminal numbers are shown for reference only. 

. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 


above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch). 


Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 
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Small Outline Plastic Packages (SOIC) 
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NOTES: 


1. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication Number 95. 


2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 


4. Dimension “E” does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 


5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 


. “L’ is the length of terminal for soldering to a substrate. 
. “N” is the number of terminal positions. 
. Terminal numbers are shown for reference only. 


oO ON OD 


. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 


10. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 
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Small Outline Plastic Packages (SOIC) 
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NOTES: 


1. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication Number 95. 


2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 


4. Dimension “E” does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 


Rev. 0 12/93 


5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 


. “L” is the length of terminal for soldering to a substrate. 
. “N’ is the number of terminal positions. 
. Terminal numbers are shown for reference only. 


. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 


10. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 
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Rev. 0 12/93 
1. Symbols are defined in the “MO Series Symbol List’ in Section 


2.2 of Publication Number 95. 
2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 


4. Dimension “E” does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 


5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 


. “L’ is the length of terminal for soldering to a substrate. 
. “N’ is the number of terminal positions. 
. Terminal numbers are shown for reference only. 


. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 

10. Controlling dimension: MILLIMETER. Converted inch dimen- 

sions are not necessarily exact. 
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NOTES: 


1. Symbols are defined in the “MO Series Symbol List’ in Section 
2.2 of Publication Number 95. 


2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


Rev. 0 12/93 


3. Dimension “D” does not include mold flash, protrusions or gate 
burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 


4. Dimension “E” does not include interlead flash or protrusions. In- 
terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 


5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 


. “L’ is the length of terminal for soldering to a substrate. 
. “N” is the number of terminal positions. 
. Terminal numbers are shown for reference only. 


oO OoOnN MD 


. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 


10. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 
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Rev. 0 10/96 
NOTES: 


1. Symbols are defined in the “MO Series Symbol List” in Section 
2.2 of Publication Number 95. 


2. Dimensioning and tolerancing per ANSI Y14.5M-1982. 


3. Dimension “D” does not include mold flash, protrusions or gate 
POWER SOP PACKAGE * burrs. Mold flash, protrusion and gate burrs shall not exceed 


(HEAT SLUG SURFACE IS 0.15mm (0.006 inch) per side. 
ELECTRICALLY FLOATING) ee ; 
4. Dimension “E” does not include interiead flash or protrusions. In- 


terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 


5. The chamfer on the body is optional. If it is not present, a visual 
index feature must be located within the crosshatched area. 


. “L” is the length of terminal for soldering to a substrate. 
. “N’ is the number of terminal positions. 
. Terminal numbers are shown for reference only. 


oO ON OD 


. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 
above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 


10. Exposed copper heat slug flush with bottom surface of package. 
All other dimensions conform to JEDEC MS-012 Issue C. 


11. Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 
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M20.3A 
20 LEAD POWER SMALL OUTLINE PLASTIC PACKAGE 
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MILLIMETERS 


NOTES 


0.0926 
0.0040 
0.013 
0.0091 
0.4961 
0.325 
0.2914 
0.175 


2.35 
0.10 
0.33 
0.23 
12.60 
8.25 
7.40 
4.44 


2.65 
0.30 
0.51 
0.32 
13.00 
8.63 
7.60 
4.82 
1.27 BSC 
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1.27 
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Rev. 0 6/95 


NOTES: 
1. 


Symbols are defined in the “MO Series Symbol List’ in Section 2.2 
of Publication Number 95. 


. Dimensioning and tolerancing per ANSI Y14.5M-1982. 
. Dimension “D” does not include mold flash, protrusions or gate 


burrs. Mold flash, protrusion and gate burrs shall not exceed 
0.15mm (0.006 inch) per side. 


. Dimension “E” does not include interlead flash or protrusions. In- 


terlead flash and protrusions shall not exceed 0.25mm (0.010 
inch) per side. 


. The chamfer on the body is optional. If it is not present, a visual 


index feature must be located within the crosshatched area. 


. “L’ is the length of terminal for soldering to a substrate. 

. “N’ is the number of terminal positions. 

. Terminal numbers are shown for reference only. 

. The lead width “B”, as measured 0.36mm (0.014 inch) or greater 


above the seating plane, shall not exceed a maximum value of 
0.61mm (0.024 inch) 


Exposed copper heat slug flush with top surface of package. All 
other dimensions conform to JEDEC MS-013AC Issue C. 


Controlling dimension: MILLIMETER. Converted inch dimen- 
sions are not necessarily exact. 
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INFORMATION 


Plastic Packages for Integrated Circuits 
Plastic Leaded Chip Carrier Packages (PLCC) 
N20.35 (JEDEC MS-018AA ISSUE A) 


0.042 (1.07) 
|| 0.004 (0.10) | ¢ | 29 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 


0.048 (1.22) 
PIN (1) IDENTIFIER 
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SEATING 


0.020 (0.51) MAX PLANE 


3 PLCS 0.026 (0.66) 
0.032 (0.81) 0.013 (0.33) 
, ¥ 0.021 (0.53) 
f a _* 0.025 (0.64) 
0.045 (1.14)_. | Jig MIN 
MIN 
VIEW a - Nes TYP. 
NOTES: 


1. Controlling dimension: INCH. Converted millimeter dimensions 
are not necessarily exact. 


2. Dimensions and tolerancing per ANSI Y14.5M-1982. 


3. Dimensions D1 and E1 do not include mold protrusions. Allow- 
able mold protrusion is 0.010 inch (0.25mm) per side. 


4. To be measured at seating plane contact point. 
5. Centerline to be determined where center leads exit plastic body. 
6. “N” is the number of terminal positions. 


11-22 


Plastic Packages for Integrated Circuits 


Plastic Leaded Chip Carrier Packages (PLCC) 


0.042 (1.07) 
ete 0.042 (1.07) N44.65 (JEDEC MS-018AC ISSUE A) 
seria pay ——— 6.056 (1.42) [Q\| 0-004 (0.10) |¢ | 44 LEAD PLASTIC LEADED CHIP CARRIER PACKAGE 
0.050 (1.27) TP 0.025 (0.64) -, 
.. | re 0.045 (1.14) 
1 | | 
7} E1 | 
| VIEW “A” 
Sone 0.020 (0.51) 8.10 
<< — 
ew am es 
as : ne Rev. 1 3/95 
0.020 (0.51) MAX pe 
3 PLCS 0.026 (0.66) 
0.032 (0.81) 0.013 (0.33) 
y ' 0.021 (0.53) 


_— | «— 0.025 (0.64) 
0.045 (1.14) __. - MIN 


MIN 
VIEW “A” TYP. 


NOTES: 


1. Controlling dimension: INCH. Converted millimeter dimensions 
are not necessarily exact. 


2. Dimensions and tolerancing per ANSI Y14.5M-1982. 


3. Dimensions D1 and E1 do not include mold protrusions. Allow- 
able mold protrusion is 0.010 inch (0.25mm) per side. 


4. To be measured at seating plane contact point. 
5. Centerline to be determined where center leads exit plastic body. 
6. “N” is the number of terminal positions. 


PACKAGING 
INFORMATION 
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Plastic Packages for Integrated Circuits 


Metric Plastic Quad Flatpack Packages (MQFP) 
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Q44.10x10 (JEDEC MO-108AA-2 ISSUE A) 
44 LEAD METRIC PLASTIC QUAD FLATPACK PACKAGE 
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NOTES: 


1. Controlling dimension: MILLIMETER. Converted inch 
dimensions are not necessarily exact. 


. All dimensions and tolerances per ANSI Y14.5M-1982. 
. Dimensions D and E to be determined at seating plane [-C-]. 
. Dimensions D1 and E1 to be determined at datum plane [-H-]. 


. Dimensions D1 and E1 do not include mold protrusion. 
Allowable protrusion is 0.25mm (0.010 inch) per side. 


nr W DY 


6. Dimension B does not include dambar protrusion. Allowable 
dambar protrusion shall be 0.08mm (0.003 inch) total. 


7. “N’ is the number of terminal positions. 


Hermetic Packages for Integrated Circuits 


Ceramic Dual-In-Line Metal Seal Packages (SBDIP) 


ci LEAD FINISH D8.3 MIL-STD-1835 CDIP2-T8 (D-4, CONFIGURATION C) 
8 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE 
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secwe Jy Eels mong | aur | ee ee 


5. 
as A 
Ce Se 
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exe 


S1—» 


all i . L LG 


A 
2 CS 
| Qs 0.015 0.38 1.52 


NOTES: 


1. Index area: A notch ora pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 
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solder dip or tin plate lead finish is applied. 


| 
es 


5. Dimension Q shall be measured from the seating plane to the Rev. 0 4/94 
base plane. 


3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 


6. Measure dimension S1 at all four corners. 


7. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 


8. Nis the maximum number of terminal positions. 

9. Braze fillets shall be concave. 
10. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
11. Controlling dimension: INCH. 
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Hermetic Packages for Integrated Circuits 


Ceramic Dual-In-Line Metal Seal Packages (SBDIP) 


c¢1 LEAD FINISH D14.3 MIL-STD-1835 CDIP2-T14 (D-1, CONFIGURATION C) 
14 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE 


MILLIMETERS 
0.200 | = | 5.08 


NOTES 


0.014 0.026 0.36 
0.014 0.023 0.58 
aN 
Hp] bbb ©) c [A -8 © DO) b2 0.045 0.065 1.65 
D 023 0.045 0.5 1.14 
mene C 0.008 0.018 0.46 
SEATING : 01 : : 
aTING ct 0.008 0.015 0.38 


0.785 19.94 


0.220 0.310 7.87 
0.100 BSC 
0.300 BSC 
0.150 BSC 

ee 
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Oo 
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NOTES: 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 


on 


2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 


2 


5. Dimension Q shall be measured from the seating plane to the Fipy. 0 94 
base plane. 
6. Measure dimension S1 at all four corners. 


7. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 


8. Nis the maximum number of terminal positions. 

9. Braze fillets shall be concave. 
10. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
11. Controlling dimension: INCH. 
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Ceramic Dual-In-Line Metal Seal Packages (SBDIP) 


ci LEAD FINISH 


bbb ©] cA -8 ©} 20) 
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PLANE $2 Q 
—T A 
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PLANE t L 
S1 —» AA 4 
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NOTES: 


1. Index area: A notch ora pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 


2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 


5. Dimension Q shall be measured from the seating plane to the 
base plane. 


6. Measure dimension S1 at all four corners. 


7. Measure dimension S2 from the top of the ceramic body to the 
nearest metallization or lead. 


8. Nis the maximum number of terminal positions. 

9. Braze fillets shall be concave. 
10. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
11. Controlling dimension: INCH. 


D24.6 MIL-STD-1835 CDIP2-T24 (D-3, CONFIGURATION C) 
24 LEAD CERAMIC DUAL-IN-LINE METAL SEAL PACKAGE 
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NOTES 
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INFORMATION 


Hermetic Packages for Integrated Circuits 


Ceramic Dual-In-Line Frit Seal Packages (CERDIP) 


F8.3A MIL-STD-1835 GDIP1-T8 (D-4, CONFIGURATION A) 
8 LEAD CERAMIC DUAL-IN-LINE FRIT SEAL PACKAGE 


c1 LEAD FINISH 


(2Eo) Ga EEIo) le) 


|~<—_—_—__D 
BASE 
PLANE 


SEATING \ 
PLANE 


Be Oe OPS 
NOTES: 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer's identification shall not be used 
as a pin one identification mark. 


CEO) ILELTON ETO) 


2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 


5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 


6. Dimension Q shall be measured from the seating plane to the 
base plane. 


7. Measure dimension S1 at all four corners. 

8. Nis the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
10. Controlling dimension: INCH. 


| INCHES MILLIMETERS 

SYMBOL | MIN | NOTES 
A | - | 
| 0.045 | 
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Hermetic Packages for Integrated Circuits 


Ceramic Dual-In-Line Frit Seal Packages (CERDIP) 


c1 LEAD FINISH F14.3 MIL-STD-1835 GDIP1-T14 (D-1, CONFIGURATION A) 
14 LEAD CERAMIC DUAL-IN-LINE FRIT SEAL PACKAGE 
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NOTES: 


1. Index area: A notch or a pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 


2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


at) ae 
0.015 
—{t+— el 


0.010 
0. 001 S 
4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces —— siete aisaaecalceapocaltteseabiailatasaieenein dl abisdetanasiiae 
dimension b2. Rev. 0 4/94 


5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 


3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 


tot 
338 
376 
oe 


6. Dimension Q shall be measured from the seating plane to the 
base plane. 


7. Measure dimension S1 at all four corners. 

8. Nis the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANS! Y14.5M - 1982. 
10. Controlling dimension: INCH. 


PACKAGING 
INFORMATION 
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Ceramic Dual-In-Line Frit Seal Packages (CERDIP) 


F16.3 MIL-STD-1835 GDIP1-T16 (D-2, CONFIGURATION A) 


ci LEAD FINISH 


N 
METAL \ 


. St, GE. UE, GE. EE. TR 
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PLANE 


Piece Mc }A-BO©|PO© 
NOTES: 


1. Index area: A notch ora pin one identification mark shall be locat- 
ed adjacent to pin one and shall be located within the shaded 
area shown. The manufacturer’s identification shall not be used 
as a pin one identification mark. 


EO) LECONES) 


2. The maximum limits of lead dimensions b and c or M shall be 
measured at the centroid of the finished lead surfaces, when 
solder dip or tin plate lead finish is applied. 


3. Dimensions b1 and c1 apply to lead base metal only. Dimension 
M applies to lead plating and finish thickness. 


4. Corner leads (1, N, N/2, and N/2+1) may be configured with a 
partial lead paddle. For this configuration dimension b3 replaces 
dimension b2. 


5. This dimension allows for off-center lid, meniscus, and glass 
overrun. 


6. Dimension Q shall be measured from the seating plane to the 
base plane. 


7. Measure dimension S1 at all four corners. 

8. N is the maximum number of terminal positions. 

9. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
10. Controlling dimension: INCH. 


¥ 16 LEAD CERAMIC DUAL-IN-LINE FRIT SEAL PACKAGE 
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NOTES 


0.200 


[200 


5.08 
0.36 
0.36 
1.14 
0.58 
0.20 
0.20 


0.014 
0.014 
0.045 
0.023 
0.008 
0.008 


0.58 
1.65 
1.14 


0.220 


0.100 BSC 
0.300 BSC 


0.150 BSC 


0.38 
21.34 
5.59 7.87 

2.54 BSC 
7.62 BSC 
3.81 BSC 


7) 
E 


105° 


0.010 
0.0015 


Rev. 0 4/94 


105° 
0.015 
0.030 


08 


ae 
ae 
a 
a 
ae 
se 
ed 
— 
a 
—- 
a 
La 


11-30 


Hermetic Packages for Integrated Circuits 


Metal Can Packages (Can) 


REFERENCE PLANE T8.C MIL-STD-1835 MACY1-X8 (A1) 


a a 8 LEAD METAL CAN PACKAGE 
— -«— L 
L2 
L1 
A 


INCHES 


0.165 


MILLIMETERS 


0.185 4.19 
0.41 


0.41 


0.021 


So ___» 
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0.165 
| 0.016 | 0.019 
| 0.016 | 


0.016 


ellis 0.024 [ 0.41 
| URE 
\ 
|W CS: 


0.200 BSC 5.08 BSC 
BASE AND 
Ql i EATING PLANE 0.100 BSC _ 2.54 BSC 
BASE METAL LEAD FINISH | 0.034 
Wa rs 
ae Se 
0.500 0.750 | 12.70 
NOTES: | a 
10) 
1. (All leads) Ob applies between L1 and L2. Ob1 applies between 7 _ 45° BSC 
L2 and 0.500 from the reference plane. Diameter is uncontrolled 45° BSC 
in L1 and beyond 0.500 from the reference plane. a ae mn 


2. Measured from maximum diameter of the product. Rev. 0 5/18/94 


3. dis the basic spacing from the centerline of the tab to terminal 1 
and £ is the basic spacing of each lead or lead position (N -1 
places) from @, looking at the bottom of the package. 


4. Nis the maximum number of terminal positions. 
5. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
6. Controlling dimension: INCH. 


PACKAGING 
INFORMATION 
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Metal Can Packages (Can) 


REFERENCE PLANE T10.C 
10 LEAD METAL CAN PACKAGE 


INCHES 


—e| A |e 


«e— L 
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a es 
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SECTION A-A 
NOTES: | a om as 
: 10) 

1. (All leads) Ob applies between L1 and L2. Ob1 applies between 36° BSC 

L2 and 0.500 from the reference plane. Diameter is uncontrolled 36° BSC 


in L1 and beyond 0.500 from the reference plane. 


_ 
oO 


2. Measured trom maximum diameter of the product. Rev. 0 5/18/94. 


ies) 


. is the basic spacing from the centerline of the tab to terminal 1 
and f is the basic spacing of each lead or lead position (N -14 
places) from @, looking at the bottom of the package. 


N is the maximum number of terminal positions. 


oO 


. Dimensioning and tolerancing per ANSI Y14.5M - 1982 


(oy) 


. Controlling dimension: INCH. 
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Metal Can Packages (Can) 


REFERENCE PLANE 


Ob 
Q __ BASE AND 
SEATING PLANE 
BASE ‘oni LEAD FINISH 
Ob2 
SECTION A-A 
NOTES: 


1. (All leads) Ob applies between L1 and L2. @b1 applies between 
L2 and 0.500 from the reference plane. Diameter is uncontrolled 
in L1 and beyond 0.500 from the reference plane. 


2. Measured from maximum diameter of the product. 


3. ais the basic spacing from the centerline of the tab to terminal 1 
and f is the basic spacing of each lead or lead position (N -1 
places) from a, looking at the bottom of the package. 


4. Nis the maximum number of terminal positions. 
5. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
6. Controlling dimension: INCH. 
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INFORMATION 


Hermetic Packages for Integrated Circuits 


Metal Can Packages (Can) 


~«— REFERENCE PLANE 


BASE euiaa asain FINISH 


Ob Ob2 
SECTION A-A 
NOTES: 
1. The reference, base, and seating planes are the same for this 
variation. 


2. Measured from maximum diameter of the product. 

3. Nis the maximum number of terminal positions. 

4. Dimensioning and tolerancing per ANSI Y14.5M - 1982. 
5. Controlling dimension: INCH. 
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12 LEAD METAL CAN PACKAGE 


MILLIMETERS 


| NOTES 
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ON-LINE 
SERVICES 


See Us on the Net 


http://www.semi.harris.com/ 


WHATS NEW DESIGN SUPPORT 

e Press Releases ¢ Application Note Listing 

e New Services ¢ Tech Brief Listing 

e New Web Material ¢ Downloadable Design Software 


PRODUCT INFORMATION e Evaluation Boards Listing 


e Organized by Device Function * Lexicon 


* Product Information Page Links to: e E-mail To Central Applications Group for Technical Help 


* EIR Steers OTHER LINKS 
¢ >2500 Data Sheets and Application Notes * Sales Office and Distributor Listing 
SEARCH ¢ Target Application Sites 
¢ Search Based Upon Part Number or Description ¢ Quality/Reliability 


¢ Webmaster E-mail for Site Comments 


ON-LINE 
SERVICES 
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How to Use Harris AnswerFAX 


What is AnswerFAX? 


AnswerFAX is Harris’ automated fax response system. It gives you on-demand access to a full 
library of the latest data sheets, application notes, and other information on Harris products. 


What do I need to use AnswerFAX? 
Just a fax machine and a touch-tone phone. You can access it 24 hours a day, 7 days a week. 


How does it work? 


You call the AnswerFAX number, touch-tone your way through a series of recorded questions, | 


enter the order numbers of the documents you want, and give AnswerFAX a fax number to 
send them to. You'll have the information you need in minutes. The chart on the next page 
shows you how. 


How do | find out the order number for the publications | want? 


The first time you call AnswerFAX, you should order one or more on-line catalogs of product | 


line information. There are nine catalogs: 


e New Products e Digital Signal Processing (DSP) Products «Rad Hard Products 
e Linear/Telecom Products — ® Discrete & Intelligent Power Products ¢ CMOS Logic Products 
e Data Acquisition Products * Microprocessor Products e Application Notes 


Once they’re faxed to you, you can call back and order the publications themselves by number. 


@ee 
How do |! start? 
Dial 407-724-7800. That's it. 


Go SEMICONDUCTOR 


12-4 


S-cl 


Your Map to Harris AnswerFAX 


et SEMICONDUCTOR 


A complete AnswerFAX catalog listing is available. 
Please call 1-800-442-7747 and request extension number 7367. 


FAX IDENTIFIER 


ENTER 
YOUR CORRECT 
FAX NUMBER 

AND CONFIRM 


RE-ENTER YOUR 
FAX NUMBER 


ENTER A 
DOCUMENT 
NUMBER 


VOICE 
OR PHONE 
NUMBER 


DOCUMENT (UP TO THREE) 


WELCOME TO 
AnswerFAxX! 


GET HELP ee 


NEW PRODUCTS 


LINEAR AND TELECOM 
PRODUCTS 


ENTER YOUR NAME 


MORE 
[>| GET HELP 


DONE 


DATA ACQUISITION 
PRODUCTS ENTER 


YOUR 


DIGITAL SIGNAL SEE QUICK VOICE 
REFERENCE GUIDE 
PROCESSING PHONE 
FOR SPECIAL Risecdinadl 
DISCRETE AND CHARACTERS 
INTELLIGENT on AT LEFT 
POWER PRODUCTS bil OF PAGE 
cess MICROPROCESSOR CATALOGS) 
ENTERS “Q SADE UCTS DONE 


RADIATION HARDENED 
PRODUCTS 


ENTERS “Z” CONFIRM 


ele 


TRY AGAIN 


CMOS LOGIC 
PRODUCTS 


ENTERS “&” DONE 


oF 
< 


ORDER 
SOMETHING 
ELSE 


BLANK SPACE APPLICATION 


NOTES 


BACK-UP ONE 


CHARACTER CHOOSE A CATALOG 


HELP 


CIEE 


AnswerFAX* is a Service Mark of Harris Corporation 1996 


ON-LINE 


SERVICES 


eARRIS 9 Harris AnswerFAX Data Book Request Form - Document #19 
SEMICONDUCTOR Data Books Available No\ 


PUB. 
V NUMBER DATA BOOK/DESCRIPTION 


| | 7004 Complete Set of Commercial Harris Data Books 
| |7005 | Complete Set of Commercial and Military Harris Data Books 
DB223B POWER MOSFETs (1994: 1,328pp) This data book contains detailed technical information including standard power MOSFET 


(the popular RF-series types, the IRF-series of industry replacement types, and JEDEC types), MegaFETs, logic-level powe 
MOSFETs (L2FETs), ruggedized power MOSFETs, advanced discrete, high-reliability and radiation-hardened power MOSFET: 


DB316 POWER MOSFET DATABOOK SUPPLEMENT (1996: 380pp) This data book contains the data sheets of recently introduce 
products and also updates some of the datasheets in the Power MOSFET Data Book DB223B. These datasheets contain th 
detailed specification for these products. 


DB235B RADIATION HARDENED (1993: 2,232pp) The Harris radiation-hardened products include the CD4000, HCS/HCTS and ACS 
ACTS logic families, SRAMs, PROMs, op amps, analog multiplexers, the 80C85/80C86 microprocessor family, analog switches 
gate arrays, standard cells and custom devices. 


DB260.2 CDP6805 CMOS MICROCONTROLLERS & PERIPHERALS (1995: 436pp) This data book represents the full line of Harri 
Semiconductor CDP6805 products for commercial applications and supersedes previously published CDP6805 data book: 
under the Harris, GE, RCA or Intersil names. 


DB301B DATA ACQUISITION (1994: 1,104pp) Product specifications on A/D converters (display, integrating, successive approximation 
flash); D/A converters, switches, multiplexers, and other products. 


DB302B DIGITAL SIGNAL PROCESSING (1994: 528pp) Product specifications on one-dimensional and two-dimensional filters, signa 
synthesizers, multipliers, special function devices (such as address sequencers, binary correlators, histogrammer). 


DB303 MICROPROCESSOR PRODUCTS (1992: 1,156pp) For commercial and military applications. Product specifications on CMOS 
microprocessors, peripherals, data communications, and memory ICs. | 


DB304.1 INTELLIGENT POWER ICs (1994: 946pp) This data book includes a complete set of data sheets for product specifications 
application notes with design details for specific applications of Harris products, and a description of the Harris quality and higt 


reliability program. 


DB309.1 MCT/IGBT/DIODES (1995: 706pp) This MCT/IGBT/Diodes Data book represents the full line of these products made by Harris 
Semiconductor Discrete Power Products for commercial applications. 


DB314 SIGNAL PROCESSING NEW RELEASES (1995: 690pp) This data book represents the newest products made by Harris 
Semiconductor Data Acquisition Products, Linear Products, Telecom Products and Digital Signal Processing Products for 
commercial applications. 


DB315 CROSS-REFERENCE GUIDE (1996: 554pp) This guide contains the listing of semiconductor products that are second-sourced 
by Harris Semiconductor. 


DB317 COMMUNICATIONS HANDBOOK (1997: approx. 700pp) This handbook contains technical information including data sheets 
and application notes for a variety of Harris Integrated Circuits targeted for the communications industry. These products include 


urpose 


Telecommunications circuits. 
ANALOG MILITARY DATA BOOK SUPPLEMENT (1994: 432pp) The 1994 Military Data Book Supplement, combined 


ith the 
1989 Analog Military Product Data Book, contain detailed technical information on the extensive line of Harris Semiconductor 
Linear and Data Acquisition products for Military (MIL-STD-883, DESC SMD and JAN) applications and supersedes all 
previously published Linear and Data Acquisition Military data books. For applications requiring Radiation Hardened products, 
please refer to the 1993 Harris Radiation Hardened Product Data Book (document #DB235B) 


PRODUCT SELECTION GUIDE (1996: 834pp) Key product information on all Harris Semiconductor devices. Sectioned (Linear, 
Data Acquisition, Digital Signal Processing, Telecom, Intelligent Power, Discrete Power, Digital Microprocessors and Hi-Rel/ 
Military and Rad Hard) for easy use and includes cross references and alphanumeric part number index. 


the PRISM 2.4GHz DSSS Wireless Transceiver Chip Set, the new HC5517 Ringing SLIC as well as Standard Linear, Data 

Also, general informational chapters such as: “Voltage Transients - An Overview,” “Transient Suppression - Devices and 
DB500.3 

Op Amps, Comparators, Sample/Hold Amps, Video Crosspoint Switches, Special Analog Circuits and Transistor Arrays. 
PSG201.23 


Acquisition, DSP and Power products. 
Principles,” “Suppression - Automotive Transients.” 
Analog ANALOG MILITARY (1989: 1,264pp) This data book describes Harris’ military line of Linear, Data Acquisition, and 
Military 
SG103 CMOS LOGIC SELECTION GUIDE (1994: 288pp) This product selection guide contains technical information on Harris 
Semiconductor High Speed 54/74 CMOS Logic Integrated Circuits for commercial, industrial and military applications. It covers 
Harris’ High Speed CMOS Logic HC/HCT Series, AC/ACT Series, BiCMOS Interface Logic FCT Series and CMOS Logic 
CD4000B Series. | 


DB450.4 TRANSIENT VOLTAGE SUPPRESSION DEVICES (1995: 400pp) Product specifications of Harris varistors and surgectors. 
LINEAR ICs (1996/97: 1446pp) Harris offers an extensive line of Linear components including: High Speed and General 
gs BR-057.3 | AnswerFAX CATALOG (Fall 1996: 112pp) A Complete AnswerFAX Catalog listing. 


NAME: COMPANY: 
PHONE: ADDRESS: MAIL STOP 
FAX: CITY, STATE: ZIP: 


LITERATURE REQUESTS SHOULD BE DIRECTED TO: HARRIS FULFILLMENT FAX #: 610-265-2520 
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AnswerFAX 
DOCUMENT 
NUMBER 


PART 


NUMBER DESCRIPTION 


Complete Listing of Harris Sales 
Offices, Representatives and 
Authorized Distributors World 
Wide (8 pages) 


Harris Semiconductor Part 
Number Nomenclature Guide 
(16 pages) 


BRO26 Linear and Data Acquisition 
Product Cross Reference 


(26 pages) 


PRISM™ Development Kits 
(2 pages) 


7049 PCS03.1 


LINEAR ARTICLE REPRINTS 


Wireless Design & System Considerations in 
Development Spread-Spectrum Designs 
6/6/95 (3 pages) 


RF Design Four-Chip Set Supports High- 
Cover Story 10/95 Speed DSSS PCMCIA 
Applications (5 pages) 


LINEAR PACKAGING INFORMATION 


DB500, 
Section 11 


LINEAR DATA SHEETS 


CA124, CA224, 
CA324, LM324"*, 
LM2902* 


CA139, CA239, 
CA339, LM339, 
LM2901, LM3302 


CA158, CA158A, 
CA258, CA258A, 
CA358, CA358A, 
CA2904, LM358, 
LM2904 


7014 Linear and Telecom Packaging 


Information (19 pages) 


Quad Operational Amplifiers for 
Commercial, Industrial and 
Military Applications (7 pages) 


Quad Voltage Comparators for 
Industrial, Commercial and 
Military Applications (5 pages) 


Dual, 1MHz, Operational 
Amplifiers for Commercial 
Industrial, and Military 
Applications (7 pages) 
FN1019.3 


CA555, LM555_si Timers for Timing Delays and 
Oscillator Applications in 
Commercial, Industrial and 


Military Equipment (6 pages) 


CA741, CA1458, High Gain Single and Dual 
CA1558, LM741*, Operational Amplifiers for 
LM1458*, LM1558* Military, Industrial and 
Commercial Applications 
(6 pages) 


CA1391, CA1394 TV Horizontal Processors 
(4 pages) 


General Purpose Transistor 
Arrays (6 pages) 


338 CA3018 
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AnswerFAX 
DOCUMENT 
NUMBER 


PART 
NUMBER 


CA3020 


DESCRIPTION 


Multipurpose Wide-Band Power 
Amps Military, Industrial and 
Commercial Equipment at 
Frequency Up to 8MHz 

(9 pages) 


CA3028, CA3053_— Differential/Cascode Amplifiers 
for Commercial and Industrial 
Equipment for DC to 120MHz 
(12 pages) 


CA3039 Diode Array (4 pages) 


341 CA3045, CA3046 General Purpose N-P-N 
Transistor Arrays (6 pages) 


CA3049, CA3102 Dual High Frequency 
Differential Amplifiers for Low 
Power Applications Up to 
500MHz (9 pages) 


CA3054 Transistor Array - Dual 
Independent Differential Amp 
for Low Power Applications for 


DC to 120MHz (8 pages) 


CA3059, CA3079 Zero-Voltage Switches for 50- 
60Hz and 400Hz Thyristor 
Control Applications (12 pages) 


CA3060 Operational Transconductance 


Amplifier Arrays (12 pages) 


CA3078 Micropower Operational 


Amplifier (9 pages) 


CA3080 Operational Transconductance 


Amplifier (OTA) (13 pages) 


CA3081, CA3082 General Purpose High Current 
N-P-N Transistor Arrays 


(3 pages) 


General Purpose High Current 
NPN Transistor Array (4 pages) 
FN481.3 


CA3086 General Purpose N-P-N 


Transistor Array (5 pages) 


CA3089 FM IF System (7 pages) 


CA3094 Programmable Power Switch/ 
Amplifier for Control and 
General Purpose Applications 
(15 pages) 


CA3096, CA3096A, NPN/PNP Transistor Arrays 
CA3096C (12 pages) FN595.3 


ON-LINE 
SERVICES 


foe] 
© 
Oo 


Programmable Schmitt Trigger 
with Memory, Dual Input 
Precision Level Detector 

(11 pages) FN896.3 


*Technical Data on LM Branded Types is Identical to the Corresponding CA Branded Types 
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DOCUMENT 
NUMBER 


532 


o 
ae | 
om 


PART 


NUMBER 


CA3100 


CA3126 


CA3127 


CA3130 


CA3140 


CA3141 


CA3160 


CA3193 


CA3237 


CA3240 


CA3256 


CA3260 


CA3280 


CA3290 


CA3420 


CA3440 


DESCRIPTION 


Wideband Operational Amplifier 
(7 pages) 


TV Chroma Processor 
(9 pages) 


High Frequency NPN Transistor 
Array (6 pages) FN662.3 


BiMOS Operational Amplifier 
with MOSFET Input/CMOS 
Output (15 pages) 


BiMOS Operational Amplifier 
with MOSFET Input/Bipolar 
Output (20 pages) 


High-Voltage Diode Array For 
Commercial, Industrial and 
Military Applications (4 pages) 
FN906.3 


BiMOS Operational Amplifiers 
with MOSFET Input/CMOS 
Output (17 pages) 


BiCMOS Precision Operational 
Amplifiers (11 pages) 


CA3227, CA3246_ High-Frequency NPN Transistor 


Arrays For Low-Power 
Applications at Frequencies Up 
to 1.5GHz (5 pages) FN1345.3 


IR Remote-Control Amplifier 
(5 pages) 
Dual BiMOS Operational 


Amplifier with MOSFET Input/ 
Bipolar Output (16 pages) 


BiMOS Analog Video Switch 
and Amplifier (12 pages) 


BiMOS Operational Amplifier 
with MOSFET Input/(CMOS 
Output (4 pages) 


Dual Variable Operational 
Amplifier (11 pages) 


BiMOS Dual Voltage 
Comparator with MOSFET 
Input, Bipolar Output (8 pages) 


Low Supply Voltage, Low Input 
Current BiMOS Operational 
Amplifiers (5 pages) 


Nanopower BiMOS Operational 
Amplifier (6 pages) 


CA3146, CA3146A, High-Voltage Transistor Arrays 
CA3183, CA3183A (8 pages) FN532.3 


CA3189 FM IF System (7 pages) 


12- 
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AnswerFAX 
DOCUMENT 


PART 


NUMBER DESCRIPTION 


Video Line Driver, High Speed 
Operational Amplifier (8 pages) 


NUMBER 


1732 CA3450 


1923 CA5130 BiMOS Microprocessor 
Operational Amplifier with | 
MOSFET Input/CMOS Output 


(17 pages) 


1924 CA5160 BiMOS Microprocessor 


Operational Amplifiers with 


MOSFET Input/CMOS Output 
(20 pages) 


CA5260 BiMOS Microprocessor 
Operational Amplifiers with 
MOSFET Input/CMOS Output 


(5 pages) | 


Low Supply Voltage, Low Input 
Current BIMOS Operational 
Amplifier (7 pages) 


1925 CA5420 


1946 CA5470 Quad Microprocessor BiIMOS-E 
Operational Amplifiers with 
MOSFET Input/Bipolar Output 


(5 pages) 
Sync Generator for TV 


Applications and Video 
Processing Systems (10 pages) 


1686 CD22402 


2891 HA-2400, HA-2404, PRAM Four Channel 


HA-2405 Programmable Amplifiers | 
(6 pages) 
3926 HA-2400/883 PRAM Four Channel | 
Programmable Operational 
Amplifier (11 pages) 
2892 HA-2406 Digitally Selectable Four _ 


Channel Operational Amplifier 
(6 pages) 


HA-2420, HA-2425 Fast Sample and Hold 
Amplifiers (9 pages) 


2490 HA-2444 Selectable, Four Channel Video 


Operational Amplifier (3 pages) 


3608 HA-2444/883 Selectable, Four Channel Video 


Operational Amplifier (8 pages) 


2890 HA-2500, HA-2502, Precision High Slew Rate | 
HA-2505 Operational Amplifiers 


(6 pages) 
Precision High Slew Rate — 


Operational Amplifiers 
(10 pages) 


3734 HA-2500/883, 


HA-2502/883 


HA-2510, HA-2512, High Slew Rate Operational 


HA-2515 Amplifiers (5 pages) 
3697 HA-2510/883, High Slew Rate Operational 
HA-2512/883 Amplifiers (11 pages) 
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AnswerFAX AnswerFAX 
DOCUMENT PART DOCUMENT PART 
NUMBER NUMBER DESCRIPTION NUMBER NUMBER DESCRIPTION 
2894 HA-2520, HA-2522, Uncompensated High Slew 2477 HA-2556 Wideband Four Quadrant 
HA-2525 Rate Operational Amplifiers Voltage Output Analog Multiplier 

(7 pages) (18 pages) 

3fao HA-2520/883, Uncompensated, High Slew 3619 HA-2556/883 Wideband Four Quadrant 

HA-2522/883 Rate Operational Amplifiers Analog Multiplier (Voltage 

(11 pages) Output) (20 pages) 

2895 HA-2529 Uncompensated, High Slew 2478 HA-2557 Wideband Four Quadrant 
Rate High Output Current, Current Output Analog Multiplier 
Operational Amplifier (7 pages) (13 pages) 

3736 HA-2529/883 Uncompensated, High Slew 3638 HA-2557/883 Wideband Four Quadrant 
Rate High Output Current, Analog Multiplier (Current 
Operational Amplifier Output) (14 pages) 
(12 pages) 

2902 HA-2600, HA-2602, Wideband, High Impedance 

2896 HA-2539 Very High Slew Rate Wideband HA-2605 Operational Amplifiers 
Operational Amplifier (7 pages) (8 pages) 

3927 HA-2539/883 Very High Slew Rate Wideband HA-2600/883, Wideband, High Impedance 


2897 


2898 


3698 


2899 


3928 


2900 


3699 


2861 


2444 


2862 


2472 


Linear Product Listing 


Operational Amplifier 
(11 pages) 


Wideband, Fast Settling 
Operational Amplifier (8 pages) 


HA-2540 


HA-2541 


Wideband, Fast Settling, Unity 
Gain Stable, Operational 
Amplifier (8 pages) 


HA-2541/883 Wideband, Fast Settling, Unity 
Gain Stable, Operational 


Amplifier (11 pages) 


HA-2542 


Wideband, High Slew Rate, 
High Output Current 
Operational Amplifier 

(10 pages) 


HA-2542/883 Wideband, High Slew Rate, 


HA-2544 


Video Operational Amplifier 
(10 pages) 


HA-2544/883 Video Operational Amplifier 


(13 pages) 


HA-2546 Wideband Two Quadrant 


Analog Multiplier (13 pages) 


Wideband Two Quadrant 
Analog Multiplier (19 pages) 


HA-2546/883 


HA-2547 Wideband Two Quadrant 


Analog Multiplier (8 pages) 
HA-2548 


Precision, High Slew Rate, 
Wideband Operational Amplifier 


(10 pages) 


HA-2548/883 Precision, High Slew Rate, 
Wideband Operational Amplifier 


(14 pages) 


HA-2602/883 


3700 
2903 


HA-2625 


HA-2622/883 


3701 


2904 HA-2640, HA-2645 High Voltage Operational 
Amplifiers (6 pages) 


3702 HA-2640/883 
2841 HA-2839 


HA-2840 
HA-2840/883 


HA-2841 


HA-284 1/883 


HA-2842 
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HA-2620/883, 


Operational Amplifiers 
(11 pages) 


HA-2620, HA-2622, Very Wideband, 


Uncompensated Operational 
Amplifiers (7 pages) 


Very Wideband, High Input 
Impedance Uncompensated 
Operational Amplifiers 

(11 pages) 


High Voltage Operational 
Amplifier (11 pages) 


Very High Slew Rate Wideband 
Operational Amplifier (8 pages) 


High Output Current, 
Operational Amplifier 3593 HA-2839/883 Very High Slew Rate, Wideband 
(12 pages) Operational Amplifier 

(13 pages) 


Very High Slew Rate Wideband 
Operational Amplifier (8 pages) 


Very High Slew Rate, Wideband 
Operational Amplifier 
(13 pages) 


Wideband, Fast Settling, Unity 
Gain Stable, Video Operational 
Amplifier (9 pages) 


Wideband, Fast Settling, Unity 
Gain Stable, Video Operational 
Amplifier (14 pages) 


Wideband, High Slew Rate, 
High Output Current, Video 
Operational Amplifier (9 pages) 


ON-LINE 
SERVICES 


Ce SEMICONDUCTOR 


AnswerFAX 
DOCUMENT 
NUMBER 


PART 
NUMBER 


HA-2842/883 


HA-2850 
HA-2850/883 


HA4201 


HA4314B 


HA4344B 


HA4404B 


HA4600 


3704 HA-4741/883 


3929 HA-4902/883 


HA-5002/883 


3706 HA-5004/883 
3654 HA5013 


DESCRIPTION 


Wideband, High Slew Rate, 
High Output Current, Video 
Operational Amplifier 

(14 pages) 


Low Power, High Slew Rate 
Wideband Operational Amplifier 
(8 pages) 


Low Power, High Slew Rate, 
Wideband Operational Amplifier 
(13 pages) 


Wideband, 1 x 1 Video 
Crosspoint Switch with Tally 
Output (7 pages) FN3680.2 


Wideband, 1 x 1 Video 
Crosspoint Switch with 
Synchronous Enable (7 pages) 
FN4078 


Wideband, 4 x 1 Video 
Crosspoint Switch (10 pages) 
FN3679.3 


Wideband, 4 x 1 Video 
Crosspoint Switch with 
Synchronous Controls 
(3 pages) FN3956 


Wideband, 4 x 1 Video 
Crosspoint Switch with Tally 
Outputs (10 pages) FN3678.3 


Wideband, Video Buffer with 
Output Disable (7 pages) 
FN3990.1 


Quad Operational Amplifier 
(6 pages) 


Quad Operational Amplifier 
(11 pages) 


HA-4900, HA-4902, Precision Quad Comparator 
HA-4905 


(8 pages) 


Precision Quad Comparator 
(10 pages) 


Monolithic, Wideband, High 
Slew Rate, High Output Current 
Buffer (8 pages) 


Monolithic, Wideband, High 
Slew Rate, High Output Current 
Buffer (15 pages) 


100MHz Current Feedback 
Amplifier (9 pages) 


100MHz Current Feedback 
Amplifier (13 pages) 


Triple 125MHz Video Amplifier 
(14 pages) FN3654.2 
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AnswerFAX 
DOCUMENT PART 
NUMBER NUMBER 

2845 HA-5020 
3541 HA-5020/883 
3392 HA5022 
3729 HA5022/883 
3393 HA5023 
3730 HA5023/883 
3550 HA5024 
3591 HA5025 
2924 HA-5033 


3930 HA-5033/883 


2905 


HA-5101/883 


3709 


HA-5102/883 


3710 


HA-5104/883 


HA-5111/883 


3711 HA-51 12/883 
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HA-5101, HA-5111 


HA-5102, HA-5104, 
HA-5112, HA-5114 


DESCRIPTION 


100MHz Current Feedback 
Video Amplifier With Disable 
(20 pages) FN2845.6 


100MHz Current Feedback 
Video Amplifier with Disable 
(19 pages) FN3541.2 


Dual 125MHz Video Current 
Feedback Amplifier with Disable 
(16 pages) FN3392.3 


Dual 125MHz Video Current 
Feedback Amplifier with Disable 
(22 pages) 


Dual 125MHz Video Current 
Feedback Amplifier (14 pages) 
FN3393.4 


Dual 125MHz Video Current 
Feedback Amplifier (18 pages) 


Quad 125MHz Video Current 
Feedback Amplifier with Disable 
(16 pages) FN3550.2 


Quad 125MHz Video Current 
Feedback Amplifier (14 pages) 
FN3591.2 


Video Buffer (10 pages) 
Video Buffer (12 pages) 


Low Noise, High Performance 
Operational Amplifiers 
(10 pages) 


Low Noise, High Performance 
Operational Amplifier 
(13 pages) 


Low Noise, High Performance 
Operational Amplifiers 
(10 pages) 


Dual, Low Noise, High 
Performance Operational 
Amplifier (13 pages) 


Low Noise, High Performance, 
Quad Operational Amplifier 
(13 pages) 


Low Noise, High Performance 
Uncompensated Operational 
Amplifier (13 pages) 


Dual, Low Noise, High 
Performance Uncompensated 
Operational Amplifier 

(13 pages) 
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AnswerFAX 
DOCUMENT PART 
NUMBER NUMBER DESCRIPTION 
3712 HA-5114/883 Quad, Low Noise, High 
Performance Uncompensated 
Operational Amplifier 
(13 pages) 
2906 HA-5127 Ultra-Low Noise Precision 
Operational Amplifier (9 pages) 
3751 HA-5127/883 Ultra Low Noise, Precision 


Operational Amplifier 
(13 pages) 


2907 


HA-5130, HA-5135 Precision Operational Amplifiers 
(8 pages) 


HA-5134 Precision Quad Operational 


Amplifier (8 pages) FN2926.2 


3713 HA-5134/883 Precision Quad Operational 


Amplifier (13 pages) 


3731 HA-5135/883 Precision Operational Amplifier 


(13 pages) 


Ultra-Low Noise Precision 
Wideband Operational Amplifier 


(8 pages) 


2908 HA-5137 


3714 HA-5137/883 Ultra Low Noise, Precision 
Wideband Operational Amplifier 


(13 pages) 


HA-5142, HA-5144 Dual/Quad Ultra-Low Power 
Operational Amplifiers 


(7 pages) 
Dual, Ultra Low Power 


Operational Amplifier 
(12 pages) 


3732 HA-5142/883 


3934 HA-5144/883 Quad, Ultra-Low Power 
Operational Amplifier 


(12 pages) 
HA-5147 


Ultra-Low Noise Precision High 
Slew Rate Wideband 
Operational Amplifier (8 pages) 


3715 HA-5147/883 Ultra Low Noise, Precision, High 
Slew Rate Wideband 
Operational Amplifier 


(13 pages) 


2911 HA-5160, HA-5162 Wideband, JFET Input High 
Slew Rate, Uncompensated, 
Operational Amplifiers 


(8 pages) FN2911.2 


HA-5170 Precision JFET Input 
Operational Amplifier (8 pages) 


FN2912.2 


2913 HA-5177 


Ultra-Low Offset Voltage 
Operational Amplifier 
(10 pages) 


3690 


AnswerFAX 
DOCUMENT 
NUMBER 


3733 


2914 


PART 
NUMBER 


HA-5177/883 


2915 
3716 
3717 


2857 
2927 HA-5320/883 


2858 


HA-5221/883 
HA-5222/883 


HA-5320 


HA-5330 


HA-5330/883 


3935 
2452 


HA-5340 
HA-5340/883 
HA5351 


HA-5351/883 


3727 


3389 HA7210, HA7211 
2945 HFA1100, HFA1120 Ultra High-Speed, Current 

Feedback Amplifiers (12 pages) 

_ HFA1 100/883 


HFA1102 
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DESCRIPTION 


Ultra Low Offset Voltage 
Operational Amplifier 
(14 pages) 


HA-5190, HA-5195 Wideband, Fast Settling 


Operational Amplifiers 
(8 pages) 


HA-5221, HA-5222 Low Noise, Wideband Precision 


Operational Amplifier 
(11 pages) 


Low Noise, Wideband, 
Precision Operational Amplifier 
(12 pages) 


Dual, Low Noise, Wideband, 
Precision Operational Amplifier 
(13 pages) FN3717.1 


High Speed Precision 
Monolithic Sample and Hold 
Amplifier (10 pages) 


High Speed Precision Sample 
and Hold Amplifier (12 pages) 


Very High Speed Precision 
Monolithic Sample and Hold 
Amplifier (4 pages) 


Very High Speed Precision 
Monolithic Sample and Hold 
Amplifier (9 pages) 


High Speed, Low Distortion, 
Precision Monolithic Sample 
and Hold Amplifier (8 pages) 


High Speed, Low Distortion, 
Precision Monolithic Sample 
and Hold Amplifier (12 pages) 


Fast Acquisition Sample and 
Hold Amplifier (11 pages) 
FN3690.4 


Fast Acquisition, Low Power 
Sample and Hold Amplifier 


(1 page) 


Low Power Crystal Oscillator 
(13 pages) FN3389.5 


850MHz Current Feedback 
Amplifier (16 pages) 


Ultra High-Speed Current 
Feedback Amplifier with 
Compensation Pin (5 pages) 
FN3597.1 


ON-LINE 
SERVICES 


AnswerFAX 
DOCUMENT 
NUMBER 


PART 
NUMBER 


HFA1102Y 


HFA1103 


HFA1105 


HFA1106 


HFA1109, HFA1149 


HFA1110 


HFA1110/883 


HFA1112 


HFA1112/883 


HFA1113 


HFA1113/883 


HFA1114 


HFA1115 


HFA1115/883 


HFA1118, HFA1119 


FARRIS 


SEMICONDUCTOR 


DESCRIPTION 


Ultra High-Speed Current 
Feedback Amplifier with 
Compensation Pin (4 pages) 


Video Op Amp with High Speed 
Sync Stripper (6 pages) 
FN3957.1 


High-Speed, Low Power, 
Current Feedback Video 
Operational Amplifier 
(11 pages) FN3395.4 


High Speed, Low Power, Video 
Operational Amplifier with 
Compensation Pin (14 pages) 
FN3922 


High-Speed, Low Power, 
Current Feedback Operational 
Amplifiers (1 page) FN4019 


750MHz Low Distortion Unity 
Gain, Closed Loop Buffer 
(9 pages) 


750MHz, Low Distortion Unity 
Gain, Closed Loop Buffer 
(15 pages) 


Ultra High-Speed 
Programmable Gain Buffer 
Amplifier (12 pages) FN2992.3 


Ultra High Speed 
Programmable Gain Buffer 
Amplifier (18 pages) 


Output Limiting, Ultra High 
Speed, Programmable Gain, 
Buffer Amplifier (16 pages) 
FN1342.2 


Output Limiting, Ultra High 
Speed Programmable Gain, 
Buffer Amplifier (22 pages) 


Ultra High Speed 
Programmable Gain Buffer 
Amplifier (5 pages) FN3151.2 


High-Speed, Low Power, Output 
Limiting, Closed Loop Buffer 
Amplifier (7 pages) FN3606.2 


High Speed, Low Power, Output 
Limiting Closed Loop Buffer 
Amplifier (5 pages) 


Programmable Gain Video 
Buffers with Output Limiting and 
Output Disable (1 page) 
FN4020 


AnswerFAX 
DOCUMENT 


NUMBER 


3617 


3369 


3625 


3653 


3725 


3955 


3726 


3605 


3607 


3742 


3682 


3743 


3604 


4152 


3744 
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HFA1 120/883 


HFA1130 


HFA1 130/883 


HFA1135 


HFA1 135/883 


HFA1145 


HFA1145/883 


HFA1205 


HFA1212 


HFA1212/883 


HFA1245 


HFA1245/883 


HFA1405 


HFA1412 


HFA1412/883 


DESCRIPTION 


850MHz Current | 
Feedback Amplifier with Offset 
Adjust (17 pages) 


Output Clamping, Ultra High- 
Speed Current Feedback 
Amplifier (11 pages) 


Output Clamping, 850MHz 
Current Feedback Amplifier 
(19 pages) 


High-Speed, Low Power, Videc 
Operational Amplifier with 
Output Limiting (5 pages) 
FN3653.1 


High Speed, Low Power Curren 
Feedback Amplifier with | 
Programmable Output Limiting 
(5 pages) 


High-Speed, Low Power, 
Current Feedback Video 
Operational Amplifier with 
Output Disable (13 pages) 
FN3955.1 


High Speed, Low Power, | 
Current Feedback Video 
Operational Amplifier with 
Output Disable (5 pages) 


Dual High-Speed, Low Power, 
Video Operational Amplifier 
(7 pages) FN3605.3 | 


Dual 350MHz, Low Power 
Closed Loop Buffer Amplifier 
(12 pages) FN3607.3 | 


Dual, High Speed, Low Power, 
Video Closed Loop Buffer | 
(5 pages) | 


Dual, High-Speed, Low Power, 
Video Operational Amplifier with 
Disable (6 pages) FN3682.1 


Dual, High Speed, Low Power, 
Video Operational Amplifier with 
Output Disable (6 pages) © 


Quad, 560MHz, Low Power, 
Video Operational Amplifier 
(15 pages) FN3604.3 


Quad, 350MHz, Low Power, 
Programmable Gain Buffer 
Amplifier (15 pages) FN4152.1 


Quad, High Speed, Low Power, 
Video Closed Loop Buffer 
(4 pages) 


a SEMICONDUCTOR 


AnswerFAX 
JOCUMENT PART 
NUMBER NUMBER DESCRIPTION 


3076 HFA3046, HFA3096, Ultra High Frequency Transistor 
HFA3127, HFA3128 Arrays (9 pages) FN3076.8 
3663 HFA3101 Gilbert Cell UHF Transistor 
Array (12 pages) FN3663.3 
3635 HFA3102 Dual Long-Tailed Pair 
Transistor Array (6 pages) 
FN3635.2 
3967 HFA3127/883 Ultra High Frequency Transistor 
Array (7 pages) 
4131 HFA3424 2.4GHz - 2.5GHz Low Noise 
Amplifier (5 pages) FN4131.1 
4062 HFA3524 2.5GH2/600MHz Dual 
Frequency Synthesizer 
(16 pages) FN4062.3 
3655 HFA3600 Low-Noise Amplifier/Mixer 
(16 pages) FN3655.2 
4066 HFA3624 2.4GHz Up/Down Converter 
(19 pages) FN4066.5 
4067 HFA3724 400MHz Quadrature IF 
Modulator/Demodulator 
(23 pages) FN4067.3 
4132 HFA3925 2.4GHz - 2.5GHz 250mW 
Power Amplifier (8 pages) 
FN4132.1 
2943 HFA5250 Ultra High Speed, Monolithic Pin 
Driver (5 pages) 
3689 HFA5251 Ultra High-Speed Monolithic Pin 
Driver (10 pages) FN3689.2 
4003 HFA5253 Ultra High-Speed Monolithic Pin 
Driver (19 pages) FN4003.1 
2919 ICL7611, ICL7612 ICL76XX Series Low Power 
CMOS Operational Amplifiers 
(12 pages) 
3403 ICL7621, ICL7641, ICL76XX Series Low Power 
ICL7642 CMOS Operational Amplifiers 
(12 pages) 
2920 ICL7650S Super Chopper-Stabilized 
Operational Amplifier 
(12 pages) 
2863 ICL8013 Four Quadrant Analog Multiplier 
(8 pages) 
2864 ICL8038 Precision Waveform Generator/ 
Voltage Controlled Oscillator 
(10 pages) 
2865 ICL8048, ICL8049 Log/Antilog Amplifiers 
(10 pages) 
2866 ICM7242 Long Range Fixed Timer 


(6 pages) 
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NUMBER DESCRIPTION 


2867 ICM7555, ICM7556 General Purpose Timers 


(8 pages) 
Direct Sequence Spread 


Spectrum Wireless Transceiver 
Chip Set (2 pages) FN4063.3 


4063 PRISM™ 2.4GHz 


Chip Set 


4238 PRISM™ For Voice and Data (1 page) 
Full Duplex Radio FN4238 


Front End 
LINEAR APPLICATION NOTES 


(General Op Amps) Operational Amplifier Stability: 
AN515 Input Capacitance 
Considerations (2 pages) 


(General Op Amps) Operational Amplifier Noise 
AN519 Prediction (4 pages) 


(General Op Amps) Recommended Test 
AN551 Procedures for Operational 
Amplifiers (6 pages) 


(General Op Amps) Thermal Safe-Operating-Areas 
for High Current Op Amps 
(5 pages) 


95290 (General Op Amps) Integrated Circuit Operational 
AN5290 Amplifiers (20 pages) 


AN556 


(General Op Amps) SCRs As Transient-Protection 
AN7304 Structure in Integrated Circuits 
(3 pages) AN7304 


(General Logic), Micropower Crystal-Controlled 
CD4007B, CD4060 Oscillator Design Using CMOS 
AN8743 Inverters (8 pages) 


(General Op Amps) Feedback, Op Amps and 
AN9415 Compensation (12 pages) 
AN9415.2 


99415 (General Op Amps) Feedback, Op Amps and 
AN9415 Compensation (12 pages) 
(General Op Amps) Current Feedback Amplifier 


AN9420 Theory and Applications 
(7 pages) AN9420.1 


(General Op Amps) Basic Analog for Digital 
AN9510 Designers (6 pages) AN9510 


(General Op Amps) Evaluation Programs for SPICE 
AN9523 Op Amp Models (10 pages) 
AN9523 


CA1524 
AN6915 


Application of the CA1524 
Series Pulse-Width Modulator 
ICs (18 pages) 


ON-LINE 
SERVICES 


CA3058, CA3059, 
CA3079 
AN6182 


Features and Applications of 
Integrated Circuit Zero-Voltage 
Switches (CA3059 and 
CA3079) (31 pages) 


FARRIS 


SEMICONDUCTOR 


AnswerFAX 
DOCUMENT 
NUMBER 


PART 
NUMBER 


CA3094 
AN6048 


DESCRIPTION 


Some Applications of a 
Programmable Power Switch/ 
Amplifier (13 pages) 


CA3094, OTA 
AN6077 


An IC Operational-Transcon- 
ductance-Amplifier (OTA) With 
Power Capability (12 pages) 


CA3130 
AN6459 


Why Use the CMOS Operational 
Amplifiers and How to Use it 


(4 pages) 


Understanding and Using the 
CA3130, CA3130A and 
CA3130B BiMOS Operation 
Amplifiers (5 pages) 


CA3130 
AN6386 


CA3228 
AN7326 


Applications of the CA3228 
Speed Control System 
(16 pages) 


CA3240 
AN6669 


FET-Bipolar Monolithic Op 
Amps Mate Directly to Sensitive 
Sources (3 pages) 


CA3280 
AN6818 


Dual Variable Op-Amp IC, the 
CA3280, Simplifies Complex 
Analog Designs (5 pages) 
AN6818 


CA3450 
AN8707 


The CA3450: A Single-Chip 
Video Line Driver and High 
Speed Op Amp (14 pages) 


CA5470 
AN8811 


BiMOS-E Process Enhances 
the CA5470 Quad Op Amp» 


(8 pages) 


Application of the CD22402 
Video Sync Generator (4 pages) 


CD22402 
AN8742 


CD54HC4046A, CMOS Phase-Locked-Loop 
CD54HC7046A, Applications Using the CD54/ 
CD54HCT4046A, 74HC/HCT4046A and CD54/ 
CD54HCT7046A, 74HC/HCT7046A (23 pages) 
CD74HC7046A, 

CD74HCT4046A, 

CD74HCT7046A 

AN8823 


HA-2400 
AN514 


The HA-2400 PRAM Four 
Channel Operational Amplifier 
(7 pages) 


HA-2420, HA-2425, Applications of Monolithic 
HA-5330 Sample and Hold Amplifier 
AN517 (5 pages) 


HA-2500, HA-2502 HA2500/02 Spice Operational 
MM2500 Amplifier Macro-Model 
(5 pages) MM2500.1 


662500 


662510 HA-2510, HA-2512 HA-2510/12 Spice Operational 
MM2510 Amplifier Macro-Model 


(4 pages) 
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662520 
MM2520 
662539 HA-2539 
MM2539 
9541 HA-2539, HA-2540 
AN541 
662540 HA-2540 
MM2540 
662541 HA-2541 
MM2541 
9550 HA-2541 
AN550 
662542 HA-2542 
MM2542 
9552 HA-2542 
AN552 
662544 HA-2544 
MM2544 
99313 HA-2546, HA-5020, 
HA-5033, HA-5177, 
HI-5700 
AN9313 
662548 HA-2548 
MM2548 


99515 
AN9515 


662600 HA-2600, HA-2602 
MM2600 
9509 HA-2620 
AN509 
662620 HA-2620, HA-2622 
MM2620 
9546 HA-2625 
AN546 
662839 HA-2839 
MM2839 


— 


HA-2556, HA-5177 


DESCRIPTION 


HA-2520, HA-2522 HA-2520/22 Spice Operational 


Amplifier Macro-Model 

(4 pages) 

HA-2539 Spice Operational 
Amplifier Macro-Model 

(4 pages) 


Using HA-2539 or HA-2540 
Very High Slew Rate, Wideband 
Operational Amplifier (4 pages) 


HA-2540 Spice Operational 
Amplifier Macro-Model 

(4 pages) 

HA-2541 Spice Operational 
Amplifier Macro-Model 

(5 pages) 


Using the HA-2541(6 pages) 


HA-2542 Spice Operational 
Amplifier Macro-Model 
(5 pages) 


Using the HA-2542 (5 pages) 


HA-2544 Spice Operational 
Amplifier Macro-Model 


(5 pages) 


Circuit Considerations in 
Imaging Applications (8 pages) 


HA-2548 Spice Operational 
Amplifier Macro-Model 
(5 pages) 


Multiplier Improves the Dynamic 
Range of Echo Systems 
(HA2556, HA-5177) (2 pages) 
AN9515 | 


HA-2600/02 Spice Operational 
Amplifier Macro-Model 
(5 pages) 


A Simple Comparator Using the 
HA-2620 (1 page) 


HA-2620/22 Spice Operational 
Amplifier Macro-Model 
(5 pages) 


A Method of Calculating HA- 
2625 Gain Bandwidth Product 
vs. Temperature (4 pages) 


HA-2839 Spice Operational 
Amplifier Macro-Model | 


(4 pages) | 
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662840 HA-2840 HA-2840 Spice Operational 665033 HA-5033 HA-5033 Spice Buffer Amplifier 
MM2840 Amplifier Macro-Model MM5033 Macro-Model (4 pages) 
(4 pages) : 
HA-5101 HA-5101 Spice Operational 
662841 HA-2841 HA-2841 Spice Operational MM5101 Amplifier Macro-Model 
MM2841 Amplifier Macro-Model (5 pages) 
(4 pages) : ’ 
HA-5101, HA-5102, Low Noise Family HA-5101/02/ 
99516 HA-2841 Adjustable Bandpass or HA-5104, HA-5111, 04/11/12/14 (7 pages) 
AN9516 Bandreject Filter (HA-2841) HA-5112, HA-5114 
(2 pages) AN9516.1 AN554 
662842 HA-2842 HA-2842 Spice Operational 665102 HA-5102 HA-5102 Spice Operational 
MM2842 Amplifier Macro-Model MM5102 Amplifier Macro-Model 
(4 pages) (5 pages) 
662850 HA-2850 Spice Operational 665104 HA-5104 Spice Operational 
Amplifier Macro-Model Amplifier Macro-Model 
(4 pages) (5 pages) 
665002 HA-5002 HA-5002 Spice Buffer Amplifier 665112 HA-5112 HA-5112 Spice Operational 
MM5002 Macro-Model (4 pages) MM5112 Amplifier Macro-Model 
(5 pages) 
665004 HA-5004 HA-5004 Spice Current 
MM5004 Feedback Amplifier Macro- HA-5112 PSPICE Performs Op Amp 
Model (4 pages) iol AN9536 Open Loop Stability Analysis 
(3 pages) AN9536 
665013 HA5013 HA5013 SPICE Macromodel 
MM5013 (CFA) (8 pages) MM5013.1 HA-5114 HA-5114 Spice Operational 
— MM5114 Amplifier Macro-Model 
99305 HA-5020 HA-5020 Operational Amplifier (5 pages) 
AN9305 Feedback Resistor Selection 
(2 pages) 665127 HA-5127 HA-5127 Spice Operational 
MM5127 Amplifier Macro-Model 
665020 HA-5020 HA-5020 SPICE Macromodel (4 pages) 
MM5020 (CFA) (7 pages) MM5020 
HA-5127, HA-5137, HA-5147/37/27, Ultra Low Noise 
MM5022 (CFA) (7 pages) MM5022 AN553 
99503 HAS022 Low Output Impedance MUX 665137 HA-5137 HA-5137 Spice Operational 
AN9503 (1 pages) MM5137 Amplifier Macro-Model 
665023 HA5023_ © HA5023 SPICE Macromodel bP PQS) 
MM5023 (CFA) (8 pages) MM5023 665147 HA-5147 HA-5147 Spice Operational 
99508 HA5024 —_—-Video Multiplexer Delivers ahh nid iaaallinae 
AN9508 Lower Signal Degradation (4 pages) 
(1 pages) HA-514X Micropower Op Amp Family 
99637 | HA5024, HFA3102 Simple Phase Meter Operates elas 3 pages) 
AN9637 to 10MHz (2 pages) AN9637 HA-5160, HA-5170 New High Speed Switch Offers 
665024 HAS024 ——_- HA5024 SPICE Macromodel ANS Sub Sonia Swilening Times ” 
MM5024 —- (CFA) (7 pages) MM5024.1 f pages) ww 
99502 HA5025 Oscillator Produces Quadrature HA-5170 HA-5170 Precision Low Noise —_ 
AN9502 Waves (2 pages) AN540 JFET Input Operation Amplifier 3 i 
(4 pages) 7) 
665025 HA5025 HA5025 SPICE Macromodel 
MM5025 (CFA) (8 pages) MM5025.1 665190 HA-5190 HA-51 90 Spice Operational 
MM5190 Amplifier Macro-Model 
9548 HA-5033 A Designers Guide for the (4 pages) 


AN548 HA-5033 Video Buffer 


(12 pages) 


HA-5190, HA-5195 HA-5190/5195 Fast Settling 
AN525 Operational Amplifier (4 pages) 
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AnswerFAX 
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PART 


AN526 


HA-5320 
AN538 


HA7210 
AN9334 


HA7210 
ANS9317 


99202 
AN9202 


99513 HFA1103 


AN9513 


HFA1103 
AN9514 


AN9507 


HFA1212 
AN9524 


AN9315 


MM3046 


HFA3101 
AN9528 


HI5731 
AN9641 


HFA3424 
AN9627 


NUMBER 


DESCRIPTION 


HA-5190, HA-5195 Video Applications for the 


HA-5190/5195 (5 pages) 


Monolithic Sample/Hold 
Combines Speed and Precision 


(6 pages) 


Improving Start-Up Time at 
32kHz for the HA7210 Low 
Power Crystal Oscillator 


(2 pages) 


Micropower Clock Oscillator and 
Op Amps Provide System 
Control for Battery Operated 
Circuits (2 pages) 


HFA1100, HFA1130 Using the HFA1100, HFA1130 


Evaluation Fixture (4 pages) 


Component Video Sync 
Formats (HFA1103) (3 pages) 
AN9513 


Video Amplifier with Sync 
Stripper and DC Restore 
(HFA1103) (2 pages) AN9514 


HFA1112, HFA1114 Video Cable Drivers Save Board 


Space, Increase Bandwidth 
(2 pages) 
HFA1212 Dual Video Buffer 


Forms Differential Line Driver/ 
Receiver (1 page) AN9524 


HFA3046, HFA3096, RF Amplifier Design Using 
HFA3127, HFA3128 HFA3046/3096/3127/3128 


Transistor Arrays (4 pages) 


HFA3046, HFA3096, HFA3046/3096/3127/3128 
HFA3127, HFA3128 Transistor Array Spice Models 


(4 pages) 


900MHz Down Converter 
Consumes Little Power 
(HFA3101) (1 page) AN9528 


HFA3102, CA5160, High-Frequency VGA Has 


Digital Control (2 pages) 
AN9641 


Using the HFA3424 Evaluation 
Board (2 pagers) AN9627 


HFA3524EVAL 
PRISM Chip Set 
AN9630 


Using The HFA3524 Evaluation 
Board (13 pages) AN9630 


HFA3624EVAL, 
PRISM Chip Set 
AN9618 


Using the PRISM™ HFA3624 
Evaluation Board (12 pages) 
AN9618.2 


HFA3925EVAL, 
PRISM Chip Set 
AN9638 


Using The HFA3925 Evaluation 
Board (5 pages) AN9638 
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NUMBER NUMBER DESCRIPTION 
99314 HFA5250 Harris UHF Pin Drivers 
AN9314 (4 pages) 
9053 ICL7650 The ICL7650 A New Era in 
ANO53 Glitch-Free Chopper Stabilized 
Amplifiers (19 pages) 
9040 ICL8013 Using the ICL8013 Four 
ANO40 Quadrant Analog Multiplier 
(6 pages) 
9013 ICL8038 Everything You Always Wantec 
ANO13 to Know About the ICL8038 
(4 pages) 
9007 ICL8048, ICL8049 Using the 8048/8049 Log/ 
ANO07 Antilog Amplifier (6 pages) 


99614 PRISM™ Chip Set Low Data Rate Applications 


AN9614 (3 pages) AN9614 


99622 PRISM™ Chip Set Using the PRISM™ HFA3724 
AN9622 Evaluation Board (16 pages) 


AN9622 


99633 PRISM Chip Set Processing Gain for Direct 


AN9633 Sequence Spread Spectrum 
Communication Systems and 
PRISM™ (4 pages) AN9633 
99639 PRISM Chip Set Harris PRISM Wireless LAN 
AN9639 Network Connectivity and Utility 


SW (non IEEE802.11) For the 
WLAN Evaluation Kit (3 pages) 
AN9639 | 


LINEAR TECHBRIEFS 


82334 (General Linear, 
Telecom) 


TB334 


Guidelines for Soldering Surface 
Mount Components to PC | 
Boards (2 pages) TB334 


PRISM™ Chip Set A Brief Tutorial on Spread 
TB337 Spectrum and Packet Radio 
(3 pages) TB337.1 


82337 
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FAX: 205 830 4699 


Allied Electronics 
Huntsville 
TEL: (205) 721-3500 


Mobile 
TEL: (334) 476-1875 


Arrow/Schweber 
Huntsville 
TEL: (205) 837-6955 


Hamilton Hallmark 
Huntsville 
TEL: (205) 837-8700 


Newark Electronics 
Birmingham 

TEL: (205) 979-7003 
Huntsville 

TEL: (205) 837-9091 


Mobile 
TEL: (205) 471-6500 


Wyle Electronics 
Huntsville 
TEL: (205) 830-1119 


Zeus, An Arrow Company 
Huntsville 

TEL: (407) 333-3055 

TEL: (800) 52-HI-REL 


ALASKA 


Newark Electronics 
Bellevue 
TEL: 800-321-8984 


ARIZONA 
Compass Mktg. & Sales, Inc. 


11801 N. Tatum Blvd. #101 
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FAX: 916 885 6594 


10495 Bandley Avenue 
Cupertino, CA 95014-1972 
TEL: (408) 342-1220 

FAX: 408 342 1221 


Mesa Components, Inc. 
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Riverside 
TEL: (909) 784-1101 


Santa Fe Springs 
TEL: (310) 929-9722 


Sacramento 
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Wyle Electronics 
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Blakewood Electronic 
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TEL: (604) 444-3344 

FAX: 604 444 3303 
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FAX: 905-678-3166 


308 Palladium Drive 

Suite 200 Kanata, Ontario 
Canada K2B 1A1 

TEL: (613) 599-5626 
FAX: 613 599 5707 


78 Donegani, Suite 200 
Pointe Claire, Quebec 
Canada H9R 2V4 

TEL: (514) 426-0453 
FAX: 514 426 0455 


Allied Electronics 
Burnaby,BC 

TEL: (604) 420-9691 
Nepean, Ontario 
TEL: (613) 228-1964 


Arrow/Schweber 
Burnaby, British Columbia 
TEL: (604) 421-2333 


Dorval, Quebec 

TEL: (514) 421-7411 

Nepan, Ontario 

TEL: (613) 226-6903 
Mississagua, Ontario 

TEL: (905) 670-7769 
Farnell Electronic Services 


Burnaby, British Columbia 
TEL: (604) 606-8950 


Calgary, Alberta 
TEL: (403) 273-2780 


Concord, Ontario 
TEL: (416) 798-4884 


Nepean, Ontario 
TEL: (613) 596-6980 
Pointe Claire, Quebec 
TEL: (514) 697-8149 
Winnipeg, Manitoba 
TEL: (204) 786-2589 
Hamilton Hallmark 


Mississagua, Ontario 
TEL: (905) 564-6060 


Montreal 
TEL: (514) 335-1000 


Ottawa 

TEL: (613) 226-1700 
Vancouver, B.C. 
TEL: (604) 420-4101 
Toronto 

TEL: (905) 564-6060 


Newark Electronics 

London, Ontario 

TEL: (519) 685-4280 

Mississauga, Ontario 
TEL: (905) 670-2888 

Mount Royal, Quebec 
TEL: (514) 738-4488 


COLORADO 


Compass Mktg. & Sales, Inc. 
14142 Denver West Pkwy #200 


Golden, CO 80401 
TEL: (303) 277-0456 
FAX: 303 277-0429 


Allied Electronics 
Englewood 
TEL: (303) 790-1664 


Arrow/Schweber 
Englewood 
TEL: (303) 799-0258 


Hamilton Hallmark 
Denver 
TEL: (303) 790-1662 


Colorado Springs 
TEL: (719) 637-0055 


Newark Electronics 
Denver 
TEL: (303) 373-4540 


Wyle Electronics 
Denver 
TEL: (303) 457-9953 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


CONNECTICUT 
Advanced Tech. Sales, Inc. 
Westview Office Park 
Bidg. 2, Suite 1C 
850 N. Main Street Extension 
Wallingford, CT 06492 
TEL: (508) 664-0888 
FAX: 203 284 8232 


Alliance Electronics, Inc. 
Milford 
TEL: (203) 874-2001 


* Field Application Assistance Available 


Allied Electronics 
Cheshire 
TEL: (203) 272-7730 


Arrow/Schweber 
Wallingford 
TEL: (203) 265-7741 


Hamilton Hallmark 
Danbury 
TEL: (203) 271-5700 


Newark Electronics 
Bloomfield 
TEL: (203) 243-1731 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


FLORIDA 


-~ 
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Harris Semiconductor 
2401 Palm Bay Rd. 
Palm Bay, FL 32905 
TEL: (407) 729-4984 
FAX: 407 729 5321 


Sun Marketing Group 
1956 Dairy Rd. 

West Melbourne, FL 32904 
TEL: (407) 723-0501 

FAX: 407 723 3845 


4175 East Bay Drive, Suite 128 
Clearwater, FL 34624 

TEL: (813) 536-5771 

FAX: 813 536 6933 


600 S. Federal Hwy., Suite 218 
Deerfield Beach, FL 33441 
TEL: (954) 429-1077 

FAX: 954 429 0019 


Allied Electronics 
Ft. Lauderdale 
TEL: (954) 733-3144 


Jacksonville 
TEL: (904) 739-5920 


Maitland 
TEL: (407) 539-0055 


Miami Lakes 
TEL: (305) 558-2511 


St. Petersburg 
TEL: (813) 579-4660 


Arrow/Schweber 
Deerfield Beach 
TEL: (954) 429-8200 


Lake Mary 
TEL: (954) 333-9300 


Bell Microproducts 
Altamonte Springs 
TEL: 407-682-1199 
TEL: 800-542-3083 


Deerfield Beach 
TEL: 305-429-1001 


Hamilton Hallmark 
Clearwater 
TEL: (813) 507-5000 


Orlando 
TEL: (407) 657-3300 


North American Sales Offices, Representatives and Authorized Distributors (continued) 


Miami 

TEL: (954) 484-5482 
Newark Electronics 
Orlando 

TEL: (407) 896-8350 


Ft. Lauderdale 
TEL: (305) 486-1151 


Tampa 
TEL: (813) 287-1578 


Jacksonville 
TEL: (904) 399-5041 


Mobile 
TEL: (205) 471-6500 


Wyle Electronics 
Fort Lauderdale 
TEL: (954) 420-0500 


St. Petersburg 
TEL: (813) 576-3004 


Zeus, An Arrow Company 
Lake Mary 

TEL: (407) 333-3055 

TEL: (800) 52-HI-REL 


GEORGIA 
Giesting & Associates 

* 2434 Hwy. 120, Suite 108 
Duluth, GA 30136 
TEL: (770) 476-0025 
FAX: 770 476 2405 


Allied Electronics 
Duluth 
TEL: (770) 497-9544 


Arrow/Schweber 
Duluth 
TEL: (770) 497-1300 


Hamilton Hallmark 
Atlanta 
TEL: (770) 623-4400 


Newark Electronics 
Norcross 
TEL: (770) 448-1300 


Wyle Electronics 
Atlanta 
TEL: (770) 441-9045 


Zeus, An Arrow Company 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


IDAHO 
Allied Electronics 
Boise 
TEL: (208) 331-1414 


Newark Electronics 
Boise 
TEL: (208) 342-4311 


ILLINOIS 
Harris Semiconductor 
* 1101 Perimeter Dr., Suite 600 
Schaumburg, IL 60173 
TEL: (847) 240-3480 
FAX: 847 619 1511 


North American Sales Offices, Representatives and Authorized Distributors (continued) 


Oasis Sales 

1101 Tonne Road 

Elk Grove Village, IL 60007 
TEL: (847) 640-1850 

FAX: 847 640 9432 


Allied Electronics 
Bensenville 
TEL: (630) 860-0007 


Grayslake 
TEL: (847) 548-9330 


Loves Park 
TEL: (815) 636-1010 


Oak Forest 
TEL: (708) 535-0038 


Arrow/Schweber 
Itasca 
TEL: (708) 250-0500 


Bell Microproducts 
Schaumburg 
TEL: 708-413-8530 


Hamilton Hallmark 
Chicago 
TEL: (847) 797-7300 


Newark Electronics 
Rockford 

TEL: (815) 229-0225 
Springfield 

TEL: (217) 787-9972 
Schaumburg 

TEL: (708) 310-8980 


Willowbrook 
TEL: (708) 789-4780 


Wyle Electronics 

Chicago 

TEL: (708) 620-0969 

Zeus, An Arrow Company 
Itasca 

TEL: (708) 250-0500 

TEL: (800) 52-HI-REL 


INDIANA 

Harris Semiconductor 
11590 N. Meridian St. 
Suite 100 

Carmel, IN 46032 

TEL: (317) 843-5180 
FAX: 317 843 5191 


Giesting & Associates 
370 Ridgepoint Dr. 
Carmel, IN 46032 

TEL: (317) 844-5222 
FAX: 317 844 5861 


Allied Electronics 
Carmel 

TEL: (317) 571-1880 
Arrow/Schweber 
Indianapolis 

TEL: (317) 299-2071 
EMC 


Indianapolis 
TEL: (317) 484-3050 


* 


* Field Application Assistance Available 


Hamilton Hallmark 
Carmel 
TEL: (317) 575-3500 


Newark Electronics 
Fort Wayne 
TEL: (219) 484-0766 


Indianapolis 
TEL: (317) 844-0047 


Zeus, An Arrow Company 
TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


IOWA 


Oasis Sales 

4905 Lakeside Dr., NE 
Suite 203 

Cedar Rapids, IA 52402 
TEL: (319) 377-8738 
FAX: 319 377 8803 


Allied Electronics 
Cedar Rapids 
TEL: (319) 390-5730 


Hamilton Hallmark 
Cedar Rapids 
TEL: (319) 362-4757 


Newark Electronics 
Cedar Rapids 
TEL: (319) 393-3800 


West Des Moines 
TEL: (515) 222-0700 
Bettendorf 

TEL: (319) 359-3711 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


KANSAS 


L-TECH Marketing, Inc. 
1 Kings Court, Suite 115 
New Century, KS 66031 
TEL: (913) 829-7884 
FAX: 913-829-7611 


Allied Electronics 
Overland Park 
TEL: (913) 338-4372 


Arrow/Schweber 
Lenexa 
TEL: (913) 541-9542 


Hamilton Hallmark 
Kansas City 
TEL: (913) 663-7900 


Newark Electronics 
Overland Park 
TEL: (913) 677-0727 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


KENTUCKY 


Giesting & Associates 

339 Arrowhead Springs Lane 
Versailles, KY 40383 

TEL: (606) 873-2330 

FAX: 606 873 6233 


Newark Electronics 
Louisville 
TEL: (502) 423-0280 


LOUISIANA 


Allied Electronics 
St. Rose 
TEL: (504) 466-7575 


Newark Electronics 
Metairie 
TEL: (504) 838-9771 


MARYLAND 


New Era Sales, Inc. 

890 Airport Pk. Rd, Suite 103 
Glen Burnie, MD 21061 

TEL: (410) 761-4100 

FAX: 410 761-2981 


Allied Electronics 
Columbia 
TEL: (410) 312-0810 


Arrow/Schweber 
Columbia 
TEL: (301) 596-7800 


Bell Microproducts 
Columbia 
TEL: 410-720-5100 


Hamilton Hallmark 
Columbia 
TEL: (410) 720-3400 


Newark Electronics 
Hanover 
TEL: (410) 712-6922 


Wyle Electronics 
Columbia 
TEL: (410) 312-4844 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


MASSACHUSETTS 


* 
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Harris Semiconductor 


Six New England Executive Pk. 


Burlington, MA 01803 
TEL: (617) 221-1850 
FAX: 617 221 1866 


Advanced Tech Sales, Inc. 
348 Park Street, Suite 102 
Park Place West 

N. Reading, MA 01864 
TEL: (508) 664-0888 

FAX: 508 664 5503 


Allied Electronics 
Norwood 
TEL: (617) 255-0361 


Peabody 
TEL: (508) 538-2401 


Arrow/Schweber 
Wilmington 

TEL: (508) 658-0900 
Bell Microproducts 
Billerica 

TEL: 508-667-2400 
TEL: 800-552-4305 


Gerber Electronics 
Norwood 


TEL: (617) 769-6000 


Hamilton Hallmark 
Peabody 
TEL: (508) 532-9893 


Newark Electronics 
Marlborough 
TEL: (508) 229-2200 


Woburn 
TEL: (617) 935-8350 


Wyle Electronics 
Bedford 
(617) 271-9953 


Zeus, An Arrow Company 


Wilmington, MA 
TEL: (508) 658-4776 
TEL: (800) HI-REL 


Obsolete/Discontinued 


Products: 


Rochester Electronics 


10 Malcom Hoyt Drive 


Newburyport, MA 01950 


TEL: (508) 462-9332 
FAX: 508 462 9512 


MICHIGAN 


* 


Harris Semiconductor 
27777 Franklin Rd., Suite 460 


Southfield, MI 48034 
TEL: (810) 746-0800 
FAX: 810 746 0516 


Giesting & Associates 
34441 Eight Mile Rd., Suite 113 


Livonia, MI 48152 
TEL: (810) 478-8106 
FAX: 810 477 6908 


Allied Electronics 
Grand Rapids 
TEL: (616) 365-9960 


Plymouth 
TEL: (313) 416-9300 


Arrow/Schweber 
Livonia 

TEL: (313) 462-2290 
Hamilton Hallmark 
Plymouth 

TEL: (313) 416-5800 
Newark Electronics 
Grand Rapids 

TEL: (616) 954-6700 
Saginaw 

TEL: (517) 799-0480 
Oak Park 

TEL: (810) 967-0600 


Troy 
TEL: (810) 583-2899 


Zeus, An Arrow Company 


TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


SALES OFFICES 


MINNESOTA 


Oasis Sales 

7805 Telegraph Road 
Suite 210 

Bloomington, MN 55438 
TEL: (612) 941-1917 
FAX: 612 941 5701 


Allied Electronics 
Minnetonka 
TEL: (612) 938-5633 


Bell Microproducts 
Eden Prairaie 
TEL: 612-943-1122 


Hamilton Hallmark 
Minneapolis 
TEL: (612) 881-2600 


Newark Electronics 
Minneapolis 

TEL: (612) 331-6350 
St. Paul 

TEL: (612) 631-2683 


Wyle Electronics 
Minneapolis 

TEL: (612) 853-2280 

Zeus, An Arrow Company 
TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


MISSISSIPPI 

Newark Electronics 
Ridgeland 

TEL: (601) 956-3834 


MISSOURI 


L-TECH Marketing, Inc. 


2414 Hwy. 94 South Outer Rd. 


Suite A 

St. Charles, MO 63303 
TEL: (314) 936-2007 
FAX: 314-936-1991 


Allied Electronics 
Earth City 
TEL: (314) 291-7031 


Arrow/Schweber 
St. Louis 
TEL: (314) 567-6888 


Hamilton Hallmark 
St. Louis 
TEL: (314) 291-5350 


Newark Electronics 
St. Louis 
TEL: (314) 453-9400 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


NEBRASKA 


Advanced Tech. Sales, Inc. 


601 North Mur-Len, Suite 8 
Olathe, KS 66062 

TEL: (913) 782-8702 

FAX: 913 782 8641 


Allied Electronics 
Omaha 
TEL: (402) 697-0038 


* Field Application Assistance Available 


Newark Electronics 
Omaha 
TEL: (402) 592-2423 


NEVADA 
Allied Electronics 
Las Vegas 
TEL: (702) 258-1087 


NEW HAMPHIRE 
Newark Electronics 
Nashua 
TEL: (603) 888-5790 


NEW JERSEY 
Harris Semiconductor 

* Plaza 1000 at Main Street 
Suite 104 
Voorhees, NJ 08043 
TEL: (609) 751-3425 
FAX: 609 751 5911 


Harris Semiconductor 
* 724 Route 202 

P.O. Box 591 

Somerville, NJ 08876 

TEL: (908) 685-6150 

FAX: 908 685-6140 


Tritek Sales, Inc. 

One Mall Dr., Suite 410 
Cherry Hill, NJ 08002 
TEL: (609) 667-0200 
FAX: 609 667 8741 


Allied Electronics 
E. Brunswick 
TEL: (908) 613-0828 


Mt. Laurel 
TEL: (609) 234-7769 


Parsippany 
TEL: (201) 428-3350 


Arrow/Schweber 
Marlton 
TEL: (609) 596-8000 


Pinebrook 
TEL: (201) 227-7880 


Bell Microproducts 
Clifton 
TEL: 201-777-4100 


Hamilton Hallmark 
Cherry Hill 
TEL: (609) 424-0110 


Parsippany 
TEL: (201) 515-1641 
Pine Brook 
TEL: (201) 882-8358 


Newark Electronics 
East Brunswick 
TEL: (908) 937-6600 


Zeus, An Arrow Company 


TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


NEW MEXICO 


Compass Mktg. & Sales, Inc. 
4100 Osuna Rd., NE, Suite 109 


Albuquerque, NM 87109 
TEL: (505) 344-9990 
FAX: 505 345 4848 


Allied Electronics 
Albuquerque 
TEL: (505) 266-7565 


Hamilton Hallmark 
Albuquerque 
TEL: (505) 293-5119 


Newark Electronics 
Albuquerque 
TEL: (505) 828-1878 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


NEW YORK 


* 
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Harris Semiconductor 
Hampton Business Center 
1611 Rt. 9, Suite U3 
Wappingers Falls, NY 12590 
TEL: (914) 298-0413 

FAX: 914 298 0425 


Harris Semiconductor 

490 Wheeler Rd, Suite 165B 
Hauppauge, NY 11788-4365 
TEL: (516) 342-0291 Analog 
TEL: (516) 342-0292 Digital 
FAX: 516 342 0295 


Foster & Wager, Inc. 
300 Main Street 
Vestal, NY 13850 
TEL: (607) 748-5963 
FAX: 607 748 5965 


2511 Browncroft Blvd. 
Rochester, NY 14625 
TEL: (716) 385-7744 

FAX: 716 586 1359 


7696 Mountain Ash 
Liverpool, NY 13090 
TEL: (315) 457-7954 
FAX: 315 457 7076 


Parallax, Inc. 

734 Walt Whitman Rd. 
Melville, NY 11747 
TEL: (516) 351-1000 
FAX: 516-351-1606 


Alliance Electronics, Inc. 
Huntington 

TEL: (516) 673-1930 
Allied Electronics 
Amherst 

TEL: (716) 831-8101 
Great Neck 

TEL: (516) 487-5211 
Hauppauge 

TEL: (516) 234-0485 
Lagrangeville 

TEL: (914) 452-1470 
Rochester 

TEL: (716) 292-1670 
Syracuse 

TEL: (315) 446-7411 
Arrow/Schweber 


Farmingdale 
TEL: (516) 293-6363 


North American Sales Offices, Representatives and Authorized Distributors (continued) 


Hauppauge 
TEL: (516) 231-1000 


Melville 

TEL: (516) 391-1276 
TEL: (516) 391-1300 
TEL: (516) 391-1633 


Rochester 
TEL: (716) 427-0300 


Bell Microproducts 
Smithtown 
TEL: 516-543-2000 


Hamilton Hallmark 
Long Island 
TEL: (516) 737-0600 


Hauppauge 
TEL: (516) 434-7470 


Rochester 
TEL: (716) 272-2740 


Newark Electronics 
Wappingers Falls 
TEL: (914) 298-2810 


Latham 
TEL: (518) 783-0983 


Bohemia 
TEL: (516) 567-4200 


Williamsville 
TEL: (716) 631-2311 


Pittsford 
TEL: (716) 381-4244 


Liverpool 
TEL: (315) 457-4873 


Wyle Electronics 
Long Island 
TEL: (516) 293-8446 


Rochester 
TEL: (716) 334-5970 


Zeus, An Arrow Company 
Pt. Chester 

TEL: (914) 937-7400 

TEL: (800) 52-HI-REL 


NORTH CAROLINA 


New Era Sales 

1215 Jones Franklin Road 
Suite 201 

Raleigh, NC 27606 

TEL: (919) 859-4400 
FAX: 919 859 6167 


Allied Electronics 
Charlotte 
TEL: (704) 525-0300 


Raleigh 
TEL: (919) 876-5845 


Arrow/Schweber 
Raleigh 
TEL: (919) 876-3132 


EMC 

Charlotte 

TEL: (704) 394-6195 
Hamilton Halimark 


Raleigh 
TEL: (919) 872-0712 


North American Sales Offices, Representatives and Authorized Distributors (continued) 


Newark Electronics 
Charlotte 
TEL: (704) 535-5650 


Greensboro 
TEL: (910) 294-2142 


Raleigh 
TEL: (919) 781-7677 


Wyle Electronics 
Raleigh 

TEL: (919) 481-3737 
TEL: 800-950-9953 


Zeus, An Arrow Company 
TEL: (407) 333-3055 
TEL: (800) 52-HI-REL 


OHIO 
Giesting & Associates 
P.O. Box 39398 
2854 Blue Rock Rd. 
Cincinnati, OH 45239 
TEL: (513) 385-1105 
FAX: 513 385 5069 


6324 Tamworth Ct. 
Columbus, OH 43017 
TEL: (614) 792-5900 
FAX: 614 792 6601 


6200 SOM Center Rd. 
Suite D-20 

Solon, OH 44139 
TEL: (216) 498-4644 
FAX: 216 498 4554 


Alliance Electronics, 
Dayton 

TEL: (513) 433-7700 
Allied Electronics 


Beachwood 
TEL: (216) 831-4900 


Cincinnati 
TEL: (513) 771-6990 


Worthington 
TEL: (614) 785-1270 


Arrow/Schweber 
Solon 
TEL: (216) 248-3990 


Centerville 
TEL: (513) 435-5563 


EMC 
Columbus 
TEL: (614) 299-4161 


Cleveland 

TEL: (216) 442-3441 
Hamilton Hallmark 

Cleveland 

TEL: (216) 498-1100 


Columbus 

TEL: (614) 888-3313 
Dayton 

TEL: (513) 439-6735 
Newark Electronics 


Cincinnati 
TEL: (513) 772-8181 


ne. 


* Field Application Assistance Available 


Columbus 
TEL: (614) 326-0352 


Dayton 
TEL: (513) 294-8980 


Toledo 
TEL: (419) 866-0404 


Youngstown 
TEL: (216) 793-6134 


Cleveland 
TEL: (216) 391-9330 


Wyle Electronics 
Cleveland 
TEL: (216) 248-9996 


Dayton 
TEL: (513) 436-9935 


Zeus, An Arrow Company 
TEL: (708) 595-9730 
TEL: (800) 52-HI-REL 


OKLAHOMA 
Nova Marketing 
8421 East 61st Street, Suite P 
Tulsa, OK 74133-1928 
TEL: (800) 826-8557 
TEL: (918) 660-5105 
FAX: 918 357 1091 


Allied Electronics 
Tulsa 
TEL: (918) 250-4505 


Arrow/Schweber 
Tulsa 
TEL: (918) 252-7537 


Hamilton Hallmark 
Tulsa 
TEL: (918) 459-6000 


Newark Electronics 
Oklahoma City 
TEL: (405) 843-3301 


Tulsa 
TEL: (918) 252-5070 


Zeus, An Arrow Company 
TEL: (214) 380-4330 
TEL: (800) 52-HI-REL 


OREGON 
Northwest Marketing Assoc. 
4905 SW Griffith Drive Suite 106 
Beaverton, OR 97005 
TEL: (503) 644-4840 
FAX: 503 644-9519 


Allied Electronics 
Beaverton 
TEL: (503) 626-9921 


Almac/Arrow 
Beaverton 
TEL: (503) 629-8090 


Hamilton Halimark 
Portland 
TEL: (503) 526-6200 


Newark Electronics 
Portland 
TEL: (503) 297-1984 


Wyle Electronics 
Portland 
TEL: (503) 598-9953 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


PENNSYLVANIA 
Giesting & Associates 
471 Walnut Street 
Pittsburgh, PA 15238 
TEL: (412) 828-3553 
FAX: 412 828 6160 


Allied Electronics 
Chadds Ford 
TEL: (610) 388-8455 


Harrisburg 
TEL: (717) 540-7101 


Pittsburg 
TEL: (412) 931-2774 


Arrow/Schweber 

Pittsburgh 

TEL: (412) 327-1130 
800-529-0895 


Hamilton Halimark 
Pittsburgh 
TEL: (800) 332-8638 


Newark Electronics 
Allentown 
TEL: (610) 434-7171 


Ft. Washington 
TEL: (215) 654-1434 


Pittsburgh 
TEL: (412) 788-4790 


Wyle Electronics 
Philladelphia 
TEL: (609) 439-9110 


Zeus, An Arrow Company 
TEL: (914) 937-7400 
TEL: (800) 52-HI-REL 


SOUTH CAROLINA 
Allied Electronics 
Greenville 
TEL: (864) 288-8835 


Newark Electronics 
Greenville 
TEL: (803) 288-9610 


TENNESSEE 

Newark Electronics 
Knoxville 

TEL: (615) 588-6493 
Memphis 

TEL: (901) 396-7970 
Brentwood 

TEL: (615) 371-1341 


TEXAS 
Harris Semiconductor 
* 17000 Dallas Parkway, 
Suite 205 
Dallas, TX 76248 
TEL: (972) 733-0800 
FAX: 972 733 0819 
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Nova Marketing 

8310 Capitol of Texas Hwy. 
Suite 180 

Austin, TX 78731 

TEL: (512) 343-2321 

FAX: 512 343-2487 


8350 Meadow Rad., Suite 174 
Dallas, TX 75231 

TEL: (214) 265-4600 

FAX: 214 265 4668 


Corporate Atrium II, Suite 140 
10701 Corporate Dr. 

Stafford, TX 77477 

TEL: (713) 240-6082 

FAX: 713 240 6094 


Allied Electronics 
Austin 
TEL: (512) 219-7171 


Brownsville 
TEL: (210) 548-1129 


Dallas 
TEL: (214) 341-8444 


El Paso 
(915) 779-6294 


Fort Worth 
(817) 595-3500 


Forth Worth 
(817) 595-6455 


Humble 
(713) 446-8005 


Arrow/Schweber 
Austin 
TEL: (512) 835-4180 


Dallas 
TEL: (214) 380-6464 


Houston 
TEL: (713) 647-6868 


Bell Microproducts 
Austin 
TEL: 512-258-0725 


Richardson 
TEL: 214-783-4191 


Hamilton Hallmark 
Austin 
TEL: (512) 258-8848 


Dallas 
TEL: (214) 553-4300 


Houston 

TEL: (713) 781-6100 
Newark Electronics 
Austin 

TEL: (512) 338-0287 
Corpus Christi 

TEL: (512) 857-5621 
El Paso 

TEL: (915) 772-6367 
Houston 

TEL: (713) 894-9334 


San Antonio 
TEL: (210) 734-7960 


SALES OFFICES 


North American Sales Offices, Representatives and Authorized Distributors (Continued) 


Dallas 
TEL: (214) 458-2528 


Wyle Electronics 
Austin 
TEL: (512) 345-8853 


Dallas 
TEL: (214) 235-9953 


Houston 
TEL: (713) 879-9953 


Zeus, An Arrow Company 
Carrollton 

TEL: (214) 380-4330 

TEL: (800) 52-HI-REL 


UTAH 


Compass Mktg. & Sales, Inc. 


5 Triad Center, Suite 320 
Salt Lake City, UT 84180 
TEL: (801) 322-0391 
FAX: 801 322-0392 


Allied Electronics 
Salt Lake City 
TEL: (801) 261-5244 


Arrow/Schweber 
Salt Lake City 
TEL: (801) 973-6913 


Bell Microproducts 
Centerville 
TEL: 801-295-3900 


Hamilton Hallmark 
Salt Lake City 
TEL: (801) 266-2022 


Newark Electronics 
Salt Lake City 
TEL: (801) 261-5660 


Wyle Electronics 
Draper (Telesales) 
TEL: (801) 523-2335 


Salt Lake City 
TEL: (801) 974-9953 


Zeus, An Arrow Company 
TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


VIRGINIA 
Allied Electronics 
Springfield 
TEL: (703) 644-9515 
Virginia Beach 
TEL: (804) 363-8662 


Newark Electronics 
Richmond 
TEL: (804) 282-5671 


Herndon 
TEL: (703) 707-9010 


WASHINGTON 


Wyle Electronics 
Seattle 
TEL: (206) 881-1150 


Zeus, An Arrow Company 


TEL: (408) 629-4789 
TEL: (800) 52-HI-REL 


WEST VIRGINIA 


Allied Electronics 
Charleston 
TEL: (304) 925-2487 


Newark Electronics 
Charleston 
TEL: (304) 345-3086 


WISCONSIN 


Northwest Marketing Assoc. 


12835 Bel-Red Road 
Suite 330N 

Bellevue, WA 98005 
TEL: (206) 455-5846 
FAX: 206 451 1130 


Allied Electronics 
Renton 
TEL: (206) 251-0240 


Almac/Arrow 
Bellevue 
TEL: (206) 643-9992 


Hamilton Hallmark 
Seattle 
TEL: (206) 882-7000 


Newark Electronics 
Bellevue 
TEL: (206) 641-9800 


Spokane 
TEL: (509) 327-1935 


Oasis Sales 

1305 N. Barker Rd. 
Brookfield, WI 53005 
TEL: (414) 782-6660 
FAX: 414 782 7921 


Allied Electronics 
New Berlin 
TEL: (414) 796-1280 


Arrow/Schweber 
Brookfield 
TEL: (414) 792-0150 


Hamilton Hallmark 
Milwaukee 
TEL: (414) 780-7200 


Newark Electronics 
Madison 
TEL: (608) 278-0177 


Milwaukee 
TEL: (414) 453-9100 


Wyle Electronics 
Milwaukee 
TEL: (414) 879-0434 


Zeus, An Arrow Company 


TEL: (708) 250-0500 
TEL: (800) 52-HI-REL 


Harris Semiconductor 


Chip Distributors 
Chip Supply, Inc. 
7725 N. Orange Blossom Trail 
Orlando, FL 32810-2696 
TEL: (407) 298-7100 
FAX: (407) 290-0164 


Eimo Semiconductor Corp. 
7590 North Glenoaks Blvd. 
Burbank, CA 91504-1052 
TEL: (818) 768-7400 

FAX: (818) 767-7038 


Minco Technology Labs, Inc. 
1805 Rutherford Lane 

Austin, TX 78754 

TEL: (512) 834-2022 

FAX: (512) 837-6285 


Puerto Rican 

Authorized Distributor 
Hamilton Hallmark 
Suite 318 
S1 Mariolga Luis Munoz-Marin 
Caguas, Puerto Rico 00725 
TEL: (800) 327-8950 


South American 
Authorized Distributor 
Graftec Electronic Sales Inc. 
One Boca Place, Suite 305 East 
2255 Glades Road 
Boca Raton, Florida 33431 
TEL: (407) 994-0933 
FAX: 407 994-5518 


BRASIL 
Graftec Brasil Ltda. 
Rua Baronesa de Itu, 
336 cj. 51/52 Sao Paulo - SP 
CEP: 01231-000 
TEL: 55-11-826-1666 
FAX: 55-11-826-6526 


North American Authorized Distributors and Corporate Offices 


Hamilton Hallmark and Zeus are the only authorized North American distributors for stocking and sale of Harris Rad Hard Space products. 


Alliance Electronics 

(SAB Status) 

7550 E. Redfield Rd. 

Scottsdale, AZ 85260 

TEL: (602) 483-9400 
(800) 608-9494 

FAX: (602) 443 3898 


Allied Electronics 
7410 Pebble Dr. 

Ft. Worth, TX 76118 
TEL: (800) 433-5700 


Arrow/Schweber 
Electronics 

25 Hub Dr. 

Melville, NY 11747 
TEL: (800) 777-2776 


* Field Application Assistance Available 


Bell Microproducts 
1941 Ringwood Avenue 
San Jose, CA 95131 
TEL: (408)451-9400 
FAX: (408)451-1600 


Electronics Marketing 
Corporation (EMC) 
1150 West Third Avenue 
Columbus, OH 43212 
TEL: (614) 299-4161 
FAX: 614 299 4121 


Farnell Electronic Services 
300 North Rivermede Rd. 
Concord, Ontario 

Canada L4K 3N6 

TEL: (416) 798-4884 

FAX: 416 798 4889 


Gerber Electronics 
128 Carnegie Row 
Norwood, MA 02062 


TEL: (617) 769-6000, x156 


FAX: 617 762 8931 
Hamilton Hallmark 


10950 W. Washington Blvd. 


Culver City, CA 90230 
TEL: (800) 332-8638 


Newark Electronics 
4801 N. Ravenswood 
Chicago, IL 60640 
TEL: (312) 784-5100 
(800) 367-3673 
FAX: 312 275-9596 


Wyle Electronics 
(Commercial Products) 
3000 Bowers Avenue 
Santa Clara, CA 95051 
TEL: (800) 414-4144 
FAX: 801 226-0210 


Zeus Electronics, 

An Arrow Company 
2900 Westchester Avenue 
Purchase, NY 10577 
TEL: (800) 524-4735 


Obsolete/Discontinued 


Products: 
Rochester Electronics 
10 Malcom Hoyt Drive 
Newburyport, MA 01950 
TEL: (508) 462-9332 
FAX: 508 462 9512 


European Sales Offices, Representatives and Authorized Distributors 


European Sales 


Headquarters 
Harris Semiconductor 
Mercure Center 
Rue de la Fusee 100 
B-1130 Brussels, Belgium 
TEL: 32 2 724 21 11 
FAX: 32 2 724 2205/...09 


AUSTRIA 
Avnet E2000 
Waidhausenstrasse 19 
A- 1140 Vienna 
TEL: 43 1911 28 47 
FAX: 43 1911 38 53 


EBV Elektronik 
Diefenbachgasse 35 
A - 1150 Vienna 
TEL: 43 1 89 41 774 
FAX: 43 1 89 41 775 


Spoerle Electronic 
Heiligenstadter 52 

A- 1190 Vienna 

TEL: 43 1 318 7270-0 
FAX: 43 1 369 22 73 


BELGIUM 

EBV Spoerle Electronic 
Keiberg II 

Minervastraat, 14/B2 
B-1930 Zaventem 

TEL: 32 2 725 46 60 
FAX: 32 2 725 45 11 


EBV Elektronik 
Excelsiorlaan 35B 

B - 1930 Zaventem 
TEL: 32 2 716 00 10 
FAX: 32 2 720 81 52 


DENMARK 
Arrow-Exatec A/S 
Mileparken 20E 
DK-2740 Skoviunde 
TEL: 45 4492 7000 
FAX: 45 4492 6020 


Avnet Nortec A/S 
Transformervej, 17 
DK - 2730 Herlev 
TEL: 45 4488 0800 
FAX: 45 4488 0888 


EBV Elektronik 
Ved Lunden 9 

DK - 8230 Abyhoj 
TEL: 45 86 25 04 66 
FAX: 45 86 25 06 60 


EBV Elecktronik 
Gladsaxevej 370 

DK - 2860 Soborg 
TEL: 45 39 69 05 11 
FAX: 45 39 69 05 04 


Independent Electronic 
Components 
Poppelskellet 2 

DK-2000 Frederiksberg 
TEL: 45 3645 1206 

FAX: 45 3645 1205 


* 


* 


* 


* Field Application Assistance Available 


EASTERN COUNTRIES 


GRADER Friedhelm 
Richard-Reitzner-Allee 4 
G-85540 Haar 

TEL: 49 89 46263-0 


Spoerle Electronic 
Charkovska 24 
CZ-10100 Praha 10 
Czechoslovakia 
TEL: 42 2 73 13 54 
FAX: 42 2 73 13 55 


Spoerle Electronic 
ul. Domaniewska 41 
PL-02672 Warszawa 
Poland 

TEL: 48 22 64 00 447 
FAX: 48 22 64 00 348 


FINLAND 
Arrow Field OY 
Niittylantie 5 
FIN-00620 Helsinki 
TEL: 358 9 777 571 
FAX: 358 9 798 853 


Avnet Nortec OY 
Italahdenkatu, 18 
FIN-00210 Helsinki 
TEL: 358 9 61 31 81 
FAX: 358 9 69 22 326 


Harcomp Electronics OY 
Syvalahdentie 79 

SF - 51200 Kangasniemi 
TEL: 358 59 432031 

FAX: 358 59 432367 


FRANCE 

Harris Semiconducteurs 
2-4, Avenue de |'Europe 

F - 78941 Velizy Cedex 

TEL: 33 1 34 65 40 80 (Dist) 
TEL: 33 1 34 65 40 00(Sales) 
FAX: 33 1 39 46 40 54 


Arrow Electronique 

73 - 79, Rue des Solets 
Silic 585 

F - 94663 Rungis Cedex 
TEL: 33 1 49 78 49 78 
FAX: 33 1 49 78 06 99 


Avnet EMG 

79, Rue Pierre Semard 

P.B. 90 

F-92322 Chatillon Sous Bagneux 
TEL: 33 1 49 65 27 00 

FAX: 33 1 49 65 25 39 


CCI Electronique 

12, Allee de la Vierge 
Silic 577 

F - 94653 Rungis 
TEL: 33 1 41 80 70 00 
FAX: 33 1 46 75 32 07 


* 


* 


* 


tet 


EBV Elektronik 

3 rue del la Renaissance 
92184 Antony cedex 
TEL: (33) 1 40 96 30 00 
FAX: (33) 1 40 96 30 30 


SEI/3D 

Z.|. des Glaises 

6/8 Rue Ambroise Croizat 
F - 91127 Palaiseau 

TEL: 33 1 64 47 29 29 
FAX: 33 1 64 47 00 84 


GERMANY 
Harris Semiconductor 
* Richard-Reitzner-Allee 4 
D-85540 Haar 
TEL: 49 89 462 63 0 
FAX: 49 89 462 63 133 


Harris Semiconductor 
Kieler Strasse 55-59 
D-25451 Quickborn 
TEL: 49 4106 50 02-04 
FAX: 49 4106 6 88 50 


Harris Semiconductor 
Kolumbusstrasse 35/1 
D - 71063 Sindelfingen 
TEL: 49 7031 8 69 40 
FAX: 49 7031 87 38 49 


Ecker Michelstadt 

In den Dorfwiesen 2A 
Postfach 33 44 

D - 64720 Michelstaat 
TEL: 49 6061 22 33 
FAX: 49 6061 50 39 


Erwin W. Hildebrandt 
Nieresch 32 

D - 48301 Nottuln-Darup 
TEL: 49 2502 2300 30 
FAX: 49 2502 2300 18 


FINK Handelsvertretung 
Laurinweg, 1 

D - 85521 Ottobrunn 
TEL: 49 89 609 7004 
FAX: 49 89 609 8170 


Hans Flogel 
Kielerstrasse 31b 
D-25451 Quickborn 
TEL: 49 4106 50502 07 
FAX: 49 4106 68850 


Hartmut Welte 
* Traubenweg 7 
D - 88048 Friedrichshafen 
TEL: 49 7544 72555 
FAX: 49 7544 72559 


Avnet/E2000 
Stahigruberring, 12 

D - 81829 Munchen 
TEL: 49 89 4511001 
FAX: 49 89 45110129 


* 


FARRIS 


SEMICONDUCTOR 
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* 


* 


* 


EBV Elektronik 
Ammerthalstrasse 28 
D-85551 Kirchheim- 
Heimstetten 

TEL: 49 89 99 11 40 
FAX: 49 89 99 11 44 22 


Indeg Industrie Elektronik 
Emil K6mmerling Strasse 5 
D - 66954 Pirmasens 
Postfach 1563 

D - 66924 Pirmasens 

TEL: 49 6331 51700 

FAX: 49 6331 9 40 64 


Sasco Semiconductor GmbH 
Hermann-Oberth Strasse 16 
D - 85640 Putzbrunn 

TEL: 49 89 46 11-0 

FAX: 49 89 46 11-270 


Spoerle Electronic 
Max-Planck Strasse 1-3 
D - 63303 Dreieich-bei- 
Frankfurt 

TEL: 49 6103 304-8 
FAX: 49 6103 304 201 


GREECE 


EBV Electronik 
Anaxagora Street 1 
GR-17778 Travros (Athens) 
TEL: 30 1 34 14 300 

FAX: 30 1 34 14 304 


Semicon 

104 Aeolou Street 
GR - 10564 Athens 
TEL: 30 1 32 53 626 
FAX: 30 1 32 16 063 


ISRAEL 


Aviv Electronics 

Hayetzira Street, 4 Ind. Zone 
IS - 43651 Ra’anana 

PO Box 2433 

IS - 43100 Ra’anana 

TEL: 972 9 748 3232 

FAX: 972 9 741 6510 


ITALY 


* 


Harris Semiconductor 

Viale Fulvio Testi, 126 
1-20092 Cinisello Balsamo, 
(Milan) 

TEL: 39 2 262 22 21 31 (Italy) 
TEL: 39 2 262 07 61 (Rose) 
FAX: 39 2 262 22 158 (Rose) 


Claitron 

Via Enrico Fermi, 8 

I - 20090 Assago (MI) 
TEL: 39 2 457 841 
FAX: 39 2 488 02 75 


Avnet EMG 

Centro Direzionale 
Via Novara, 570 

| - 20153 Milano 

TEL: 39 2 38 19 01 
FAX: 39 2 38 00 29 88 


SALES OFFICES 


European Sales Offices, Representatives and Authorized Distributors (continued) 


EBV Elektronik 

Via C. Frova, 34 

I - 20092 Cinisello Balsamo 
TEL: 39 2 660 961 

FAX: 39 2 660 170 20 


Lasi Elettronica 
Viale Fulvio Testi 280 
I - 20126 Milano 
TEL: 39 2 661 431 
FAX: 39 2 661 01385 


Silverstar 

Viale Fulvio Testi 280 
I - 20126 Milano 

TEL: 39 2 66 12 51 
FAX: 39 2 66 10 13 59 


NETHERLANDS 

Acal 

Beatrix de Rijkweg, 8 

NL - 5657 EG Eindhoven 
TEL: 31 40 250 2602 
FAX: 31 40 251 0255 


Spoerle Electronic 
Coltbaan 17 

NL - 3439 NG Nieuwegein 
(Utrecht) 

TEL: 31 30 609 1234 
FAX: 31 30 603 5924 


Spoerle Electronic 
Postbus 7139 

De Run 1120 

NL - 5605 JC Eindhoven 
TEL: 31 40 254 5430 
FAX: 31 40 253 5540 


EBV Elektronik 
Planetenbaan, 2 

NL - 3606 AK Maarssenbroek 
TEL: 31 3465 623 53 

FAX: 31 3465 642 77 


NORWAY 
Arrow- Tahonic 
Sagveien 17 
P.O. Box 4554, Torshov 
N-0404 Oslo 
TEL: 47 22 37 84 40 
FAX: 47 22 37 07 20 


Avnet Nortec A/S 
Box 123 

N - 1364 Hvalstad 
TEL: 47 66 84 62 10 
FAX: 47 66 84 65 45 


PORTUGAL 
Amitron-Arrow 
Quinta Grande, Lote 20 
Alfragide 
P - 2700 Amadora 
TEL: 351.1.471 48 06 
FAX: 351.1.471 08 02 


* 


* 


* 


* 


* Field Application Assistance Available 


SOUTH AFRICA 
Allied Electronic 
Components 
10, Skietlood Street 
Isando, Ext. 3, 1600 
P.O. Box 69 
Isando, 1600 
Transvaal 
TEL: 27 11 392 3804/. . .19 
FAX: 27 11 974 9625 
FAX: 27 11 974 9683 


SPAIN 
Elcos 
c/Avda Europa, 30 1 B-A 
SP 28224 Pozuelo de 
Alarcon/Madrid 
TEL: 34 1 352 3052 
FAX: 34 1 352 1147 


Amitron-Arrow 
Albasanz, 75 

SP - 28037 Madrid 
TEL: 34 1 304 30 40 
FAX:34 1 327 24 72 


EBV Elektronik 

Centro Empresarial Euronova 
Ronda de Poniente, 

4 Ala Derecha 

1A Planta, Officina A 

SP - 28760 Tres Cantos 
Madrid 

TEL: 34 1 8 04 32 56 

FAX: 34 18 04 41 03 


SWEDEN 
Harris Semiconductor 
Centralvagen, 12 
S - 171 44 Solna 
TEL: 46 8 270 660 
FAX: 46 8 270 656 


Arrow TH:s 

Box 3027 
Arrendevagen 36 

S - 16303 Spanga 
TEL: 46 8 36 29 70 
FAX: 46 8 761 30 65 


Avnet Nortec AB 
Englundavagen 7 
P.O. Box 1830 

S +171 27 Solna 
TEL: 46 8 629 1400 
FAX: 46 8 627 0280 


SWITZERLAND 
Avnet E2000 
Boehirainstrasse 11 
CH - 8801 Thalwil 
TEL: 41 1 7221330 
FAX: 41 1 7221340 


* 


* 


Basix 
Hardturmstrasse 181 
CH - 8010 Zurich 
TEL: 41 1276 11 11 
FAX: 41 12761234 


EBV Elektronik 
Vorstadtstrasse 37 
CH - 8953 Dietikon 
TEL: 41 1 740 10 90 
FAX: 41 17415110 


Guidici Mauro O&T GmbH 
Florastr 34 

CH-8610 Uster 

TEL: 41 1 9943290 

FAX: 41 19943291 


Spoerle Electronic 
Cherstrasse 4 

CH-8152 Opfikon-Glattbrugg 
TEL: 41 1 874 6262 

FAX: 41 1 874 6200 


TURKEY 


EBV Electronik 

Bayar Cad. Gulbahar Sok No 17 
Perdemsac Plaza D:131-132 
TK-81090 Kazyatagl/Istanbul 
TEL: 90 216 463 1352/3 

FAX: 90 216 463 1355 


EMPA 

Besyol Londra Asfalti 

TK - 34630 Sefakoy/Istanbul 
TEL: 90 212 599 3050 

FAX: 90 212 599 3059 


UNITED KINGDOM 


* 


13-8 


Harris Semiconductor 
Riverside Way 
Watchmoor Park 
Camberley 

Surrey GU15 3YQ 
TEL: 44 1276 686 886 
FAX: 44 1276 682 323 


Laser Electronics 
Ballynamoney 
Greenore 

Co. Louth, Ireland 
TEL: 353 4273165 
FAX: 353 4273518 


Complementary 
Technologies 

Redgate Road 

South Lancashire, Ind. Estate 
Ashton-In-Makerfield 

Wigan, Lancs WN4 8DT 
TEL: 44 1942 274 731 

FAX: 44 1942 274 732 


Stuart Electronics 
Phoenix House 
Bothwell Road 
Castlehill, Carluke 
Lanarkshire ML8 5UF 
TEL: 44 1855 751572 
FAX: 44 1555 750028 


Arrow Jermyn 

St Martins Business Centre 
Cambridge Road 

Bedford MK42 OLF 

TEL: 44 1234 270027 

FAX: 44 1234 214674 


Avnet Access 

Jubilee House 

Jubilee Road 
Letchworth 
Hertfordshire SG6 1QH 
TEL: 44 1462 480888 
FAX: 44 1462 488567 


EBV Elektroik 

EBV House 

7 Frascati Way 
Maidenhead 
Berkshire SL6 4UY 
TEL: 44 1628 783 688 
FAX: 44 1628 783 811 


Farnell Components 
Sales, Mktg & Admin Center 
Canal Road, Armley 

Leeds LS12 2TU 

TEL: 44 1132 790101 

FAX: 44 1132 633404 


Farnell Electronic Services 
Edinburgh Way. 

Harlow 

Essex CM20 2DF 

TEL: 44 1279 626777 

FAX: 44 1279 441687 


IEC Micromark Electronics 
Boyn Valley Road 
Maidenhead 

Berkshire SL6 4DT 

TEL: 44 1628 76176 

FAX: 44 1628 783799 


Harris Semiconductor 


Chip Distributors 
Die Technology 
Corbrook Rd., Chadderton 
Lancashire OL9 9SD 
TEL: 44 61 626 3827 
FAX: 44 61 627 4321 
TWX: 668570 


Rood Technology 

Test House Mill Lane, Alton 
Hampshire GU34 2QG 
TEL: 44 420 88022 

FAX: 44 420 87259 

TWX: 21137 


Asian Pacific Sales Offices, Representatives and Authorized Distributors 


AUSTRALIA 
Avnet VSI Electronics Pty Ltd. 
Unit C 6-8 Lyon Park Road 
North Ryde NSW 2113 
TEL: (612) 878-1299 
FAX: (612) 878-1266 


BBS Electronics Australia 
Unit 24, 5-7 Anella Avenue, 
Castle Hill, NSW, 2154 

PO Box 6686 

Baulkham Hills, NSW, 2153 
TEL: 612-8945244 
FAX:612-8945266 


CHINA/HONG KONG 

Harris Semiconductor 

China Ltd 

Room 3005 88 Tong Ren Road 
Shanghai, 20040 China 

TEL: 86-21-6247-7923 

FAX: 86-21-6247-7926 


Harris Semiconductor 
China Ltd. 

Unit 1801-2, 18th Floor 
83 Austin Road 
Tsimshatsui, Kowloon 
TEL: (852) 2723-6339 
FAX: (852) 2724-4369 


Edal Electronics Co., Ltd. 
Room 911-913, Chevalier 
Commercial Centre, 

8, Wang Hoi Road, 
Kowloon Bay, Kowloon 
TEL: (852) 2305-3863 
FAX: (852) 2759-8225 


Lucas Trading 

Unit A, 8F 

88 Hung To Road, Kwun Tong 
Kowloon, Hong Kong 

TEL: 852-3044023 

FAX: 852-3040065 


Means Come Ltd. 

Room 1007, Harbour Centre 
8 Hok Cheung Street 

Hung Hom, Kowloon 

TEL: (852) 2334-8188 

FAX: (852) 2334-8649 


Sunnice Electronics Co., Ltd. 
Flat F, 5/F, Everest Ind. Cir. 
396 Kwun Tong Road 
Kowloon 

TEL: (852) 2790-8073 

FAX: (852) 2763-5477 


Array Electronics Limited 
24/F Wyler Centre, Phase 2 
200 Tai Lin Pai Road 

Kwai Chung 

New Territories, Hong Kong 
TEL: (852) 2418-3700 

FAX: (852) 2481-5872 


* 


* 


* Field Application Assistance Available 


Inchcape Industrial 

10/F, Tower 2, Metroplaza 
223 Hing Fong Road, 

Kwai Fong 

New Territories, Hong Kong 
TEL: 852-2410-6555 

FAX: 852-2401-2497 


Kingly International Co., Ltd. 
Flat 03, 16/F, Block A, 

Hi-Tech Ind. Centre 

5-21 Pak Tin Par St., 

Tsuen Wan, New Territories, H.K. 
TEL: (852) 2499-3109 

FAX: (852) 2417-0961 


INDIA 
Intersil Private Limited 
Plot 54, SEEPZ 
Marol Industrial Area 
Andheri (E) Bombay 400 096 
TEL: (91) 22-832-3097 
FAX: (91) 22-836-6682 


Graftec Elec 

49 J.C. Road 
Bangalore 560002 
TEL: (91) 80 223 3346 
FAX: (91) 80 222 6490 


Graftec India 

No 143 Lakshmi Building 
R.V. Road, V.V. Puram 
Bangalore 560004 
Karnataka 

TEL: (91) 80-661 1095 
FAX: (91) 80-222 6490 


BBS Electronics (India) Pvt Ltd 
309 Richmond Tower 

No 12, Richmond Road 
Bangalore 560025 

TEL: (91) 80-221-7912 

FAX: (91) 80-227 8043 


S M Creative Electronics Ltd 
10 Electronic City 
Sector 18, Gurgaon 122015 
Haryana 
TEL: 91 124 342 137/237/1551 
FAX: 91 124 236 or 

91 11 622 8474 


INDONESIA 
P.T. Silicontama Jaya 
Jalan A.M. Sangaji No 15 B4 
Jakarta Pusat 
TEL: (62) 21-345 4050 
FAX: (62) 21-345 4427 


SELC Sumber Elektronic 
JL Jend A Yani #298, 
Bandung 40271 

TEL: (62) 22-706-056 
FAX: (62) 22-703-622 


rt 


JAPAN 
Harris K.K. 

* Kojimachi-Nakata Bldg. 4F 
5-3-5 Kojimachi 
Chiyoda-ku, Tokyo, 102 Japan 
TEL: (81) 3-3265-7571 
FAX: (81) 3-3265-7575 


Hakuto Co., Ltd. 

1-1-13 Shinjuku Shinjuku-ku * 
Tokyo 160 

TEL: 81-3-3355-7615 

FAX: 81-3-3355-7680 


Jepico Corp. 

Shinjuku Daiichi Seimei Bldg. 
2-7-1, Nishi-Shinjuku 
Shinjuku-ku, Tokyo 163 

TEL: 81 3-3348-0611 

FAX: 81 3-3348-0623 


Macnica Inc. 

Hakusan High Tech Park 
1-22-2, Hakusan 
Midori-ku, Yokohama-shi, 
Kanagawa 226 

TEL: 81 45-939-6116 
FAX: 81 45-939-6117 


Micron, Inc. 

DJK Kouenji Bldg. 5F 
4-26-16, Kouenji-Minami 
Suginami-Ku, Tokyo 166 
TEL: 81-3-3317-9911 
FAX: 81-3-3317-9917 


Okura Electronics Co., Ltd. 
Okura Shoji Bldg. 

2-3-6, Ginza Chuo-ku, 

Tokyo 104 

TEL: 81 3-3564-6822 

FAX: 81 3-3564-6870 


Takumi Shoji Co 

3 Maruzen Bld, 6F 
6-16-6 Nishi Shinjuku, 
Shinjuku-Ku, Tokyo 160 
TEL: 813-3343-9605 
FAX: 813-3343-9624 


AUTOMOTIVE REP/DISTRI 
Continental Far East Inc. 
3-1-5 Azabudai 
Minatoki, Tokyo 106 
TEL: 81-3-3584-0339 
FAX: 81-3-3588-0930 


Mitsuiwa Shoji Co., Ltd. 
Namikibashi Bidg. 
3-15-8 Shibuya 
Shibuya-Ku, Toyko 150 
TEL: 81 3-3407-2181 
FAX: 81 3-3407-1472 
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NEW ZEALAND 


Nissei Electronics Ltd. 
Hitachi Atago Bldg. 
2-15-12 Nishi-Shimbashi 
Minato-Ku, Tokyo 105 
TEL: 81 3-3504-7921 
FAX: 81 3-3504-7900 


KOREA 


Harris Semiconductor YH 
RM #419-1 

Korea Air Terminal Bldg. 
159-6, Sam Sung-Dong, 
Kang Nam-ku, Seoul 
135-728, Korea 

TEL: 82-2-551-0931 

FAX: 82-2-551-0930 


H.B. Corporation 

Rm #1409, 

Seocho World Officetel, 
1355-3, Seocho-Dong, 
Seocho-Ku, Seoul 137-020 
TEL: 82-2-3472-3450 

FAX: 82-2-3472-3458 


Graftec Korea 

Room #611, Yongsan 
Electronic Offetel, 16-548 
3-Ga Hankang-Ro, 
Youngsan-Gu, Seoul 
TEL: 822-715-8857 

FAX: 822-715-8859 


Inhwa Company, Ltd. 

Room #305, Daegyo Bidg., 56-4, 
Wonhyoro 3GA, 

Young San-Ku, Seoul 140-113 
TEL: 822-703-7231 

FAX: 822-703-8711 


Kumoh Electric Co., Ltd. 
203-1, Yoido-Dong, 
Young Duing Po-Ku, Seoul 
TEL: 822-782-9393 
FAX: 822-782-9388 


Segyung Techcell Co., Ltd. 
Dansan Nonhyun Bldg., 270-45 
Nonhyun-Dong, 

Kangnam-kKu, Seoul 135-010 
TEL: 822-515-7477 

FAX: 822-515-8889 


MALAYSIA 


BBS Electronics (M) Sdn Bhd 
Lot 2-01, Wisma Denko 

41, Lorong Adu Siti 

10400 Penang 

TEL: (604) 228 0433 

FAX: (604) 228 1710 


Arrow Components (NZ) 
Limited 

19 Pretoria Street 

PO Box 31186 

Lower Hut 

TEL: (64) 4 570 2260 
FAX: (64) 4 566 2111 
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Asian Pacific Sales Offices, Representatives and Authorized Distributors (Continued) 


PHILIPPINES BBS Electronics Pte, Ltd. Applied Component Tech. TECO Enterprise Co., Ltd. 
Uraco Technologies 1 Genting Link Corp. 10FL., No. 292, Min-Sheng W. 
Philippines Inc. #05-03 Perfect Indust. Bidg. 8F No. 233-1, Pao-Chia Road Rd. 

Unit 12A/310 Project J.P. Rizal Singapore 1334 Hsin Tien City, Taipei Hsien, Taipei, Taiwan 

St. Project 4 TEL: (65) 748-8400 Taiwan, R.O.C. TEL: (886) 2-555-9676 
Quezon City, 1109 FAX: (65) 748-8466 TEL: (886) 2 9170858 FAX: (886) 2-558-6006 

TEL: (632) 922 2250 TAIWAN. _ FAX: (886) 2 9171895 THAILAND 

FAX: (682) 922 8709 Harris Semiconductor Galaxy Far East Corporation Electronics Source Co., Ltd. 

SINGAPORE * Room 823, N. 144, Sec. 3 8F-6, No. 390, Sec. 1 138 Banmoh Rd. 

Harris Semiconductor Pte Ltd. Ming Chuan East Road Fu Hsing South Road Pranakorn, Bankok 10200 

* #1, Tannery Road 09-01 Taipei 10464, Taiwan, R.O.C. Taipei, Taiwan TEL: 66-2-2264145 
Cencon 1, Singapore 347719 TEL: (886) 2-716-9310 TEL: (886) 2-705-7266 FAX: 66-2-2254985 
TEL: 65-748-4200 FAX: (886) 2-715-3029 FAX: (886) 2-708-7901 


FAX: 65-748-0400 


Have you tried Harris’ AnswerFAX 24-Hour On-Demand Product Information Service? 
(407) 724-7800 


GIVE US A CALL... Harris’ toll-free number is 1-800-4-HARRIS (1-800-442-7747). You can request literature, 
get information on sales locations, or be connected to our Central Applications Group. 


SEE US ON THE NET... Harris’ home page is http:/www.semi.harris.com or E-mail our Central Applications 
Group at centapp@harris.com for Technical Assistance. You'll find product information, design software, 
information on what’s new and much, much more. There are over 1,000 documents (datasheets, application 
notes, etc.) loaded with an easy-to-use search engine. 


ee SEMICONDUCTOR 


www.selmi. harris.com 


For complete, current and detailed technical specifications on any Harris devices, please contact the nearest 
Harris sales, representative or distributor office. Literature requests may also be directed to: 


Harris Semiconductor Data Services Department 
P.O. Box 883, MS 53-204 
Melbourne, FL 32902 
TEL: 1-800-442-7747 FAX: 407-724-7240 


* Field Application Assistance Available 
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We're Backing You Up with Products, Support, and Solutions! 


Signal Processing Military & Space IC Products 


Intelligent Power 


a ea AF , ¢ DC-DC Converters * Logic 

¢ High Speed Data Converters © Power Drivers - CD4000 

e Function Specific DSPs ¢ Automotive Multiplexers - HCS/HCTS High Speed 
¢ Communication ICs - ACS/ACTS Advanced 


i : FET Drivers 
e Telecom Line Card ICs © Protection e Signal Processing 


e Operational Amplifiers © Audio : - - Multiplexers 

e Multiplexers/Switches Motor Control _ = Sample and Hold 

e Sample and Hold Communication Circuits 
e Data Converters . Digital - Switches 


¢ PRISM™ Chipset ¢ CMOS Microprocessors - Data Converters 

: ¢ CMOS Microcontrollers - Operational Amplifiers 

Power Products ¢ CMOS Peripherals and ¢ Memories 

° Power MOSFETs. Mémory - SRAMs 

e IGBTs e “CMOS Logic - PROMs 

e MCTs see or Microprocessors and 

© MOVs Multimedia Peripherals 

¢ Rectifiers | e Video Decoders Microcontrollers 

* Surgectors © ¢ Video Encoders Discrete Power 

e MLVs oS e Audio Codecs - N-Channel MOSFETs 

¢ Intelligent Discretes © Aiidio’ Processors - P-Channel MOSFETs 
e Video Processors Power Controllers and 

Converters 


PRISM™ is a trademark of Harris Corporation 


>opyrig rris Corporation 
1996 (All Rights Reserved) 
Printed in USA, 11/1996 
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